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ABSTRACT 


The  electroreduction  of  certain  tetracyclines  at  the 
dropping  mercury  electrode  (DME )  has  been  used  as  the  basis 
for  a  quantitative  analytical  procedure  for  these  drugs. 

The  total  "diffusion"  current  was  measured  for  this  purpose 
throughout  the  studies.  The  electroreduction  of  tetracy¬ 
cline  hydrochlorides  was  studied  according  to  the  following 
steps:  First,  different  well  buffered  aqueous  solutions  were 
tried  and  the  optimum  one  was  selected,  then  the  optimum  pH 
within  the  chosen  buffer  system  was  determined.  It  was  found 
that  the  total  polarographic  response,  the  snd  the  li¬ 

miting  current  were  all  pH  dependent.  Secondly,  by  varying 
the  mercury  column  height  the  electro reduct ion  process  was 
identified  as  being  partially  diffusion  dependent  and  par¬ 
tially  due  to  some  kinetic  factor.  Finally,  the  application 
of  the  logarithmic  analysis  principle  for  the  determination 
of  the  electro reduct ion  mechanism  was  studied. 

For  all  the  tetracyclines  investigated,  linear  and 
reproducible  calibration  curves  were  readily  obtained  by 
plotting  total  current  versus  concentration.  Tha  technique 
mas  subsequently  applied  to  a  variety  of  different  pharma¬ 
ceutical  dosage  forms  and  in  most  of  the  cases,  good  agree¬ 
ment  was  observed  between  the  results  obtained  by  the  pre¬ 
sent  method  and  those  supplied  by  the  pharmaceutical  manu¬ 
facturers  using  their  procedures. 
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Owing  to  the  versatility  and  s 
graphy,  preliminary  investigations  h 
ing  the  applicability  of  this  techni 
analysis  of  the  tetracyclines  in  bio 
urine  and  blood* 


ensitivity  of  polaro- 
ave  been  made  regard- 
que  to  the  quantitative 
logical  samples  such  as 


vi 


ACKNOWLEDGEMENTS 


The  writer  is  greatly  indebted  to  Dr.  L.G.  Chatten 
for  his  suggesting  this  problem,  invaluable  counsel,  con¬ 
tinued  encouragement  and  constructive  criticism  throughout 
the  progress  of  this  project. 

Grateful  acknowledgement  is  made  of  the  financial 
assistance  given  him  under  the  auspices  of  Graduate  Resear¬ 
ch  Assistant  ship/  or  Graduate  Teaching  Assistant  ship  by  the 
Faculty  of  Pharmacy  and  Pharmaceutical  Sciences  of  the  Uni¬ 
versity  of  Alberta. 

The  writer  also  appreciates  the  supply  of  the  anti¬ 
biotics  in  both  the  pure  forms  and  as  the  pharmaceutical 
prfsparations  generously  made  available  during  the  course  of 
this  investigation  by  the  following  manufacturing  companies: 
Bristol  Laboratories  of  Canada  Limited,  Cyan amid  of  Canada 
Limited,  ICN  Canada  Limited,  H.T.C.  Pharmaceuticals  Limited, 
Novopharin  Limited  and  Pfizer  Company  Limited.  These  manu¬ 
facturing  companies  have  also  shown  kind  cooperation  by 
sending  the  assay  results  of  their  products  obtained  by 
their  own  methods  to  allow  the  comparison  possible  with  the 
results  obtained  through  this  DC  polarogr aphic  investigation. 

The  author  is  also  indebted  to  Dr.  R.E,  Moskalyk  and 
Dr.  R.A.  Locock  for  their  assistance  and  guidance  during 
Dr.  Chatten* s  absence.  Mr.  D.  Odynski  has  also  been  of 
considerable  help  with  the  technical  apparatus. 


-  vii 


Table  of  Contents 


Page 

Dedication  iv 

Abstract  v 

Acknowledgements  vii 

List  of  Tables  x 

List  of  Figures  xi 

Introduction  1 

I.  Activity  and  Structural  Similarities  of  2 

Tetracycline  Antibiotics 

II.  Literature  Review  5 

III*  Polarography  14 

Statement  of  the  Problem  24 

Experimental  27 

Apparatus  28 

Reagents  and  Solutions  28 

Reference  Standards  28 

Procedure  29 

A.  Determination  of  Reference  29 

Standard  Purity 

B.  Constant  Temperature  Control  50 

for  Polarography 

C *  Determination  of  Optimum  Height  50 

of  Mercury  Column 

D«  Determination  of  Optimum  Buffer  30 

System  and  Optimum  pH 

E,  Determination  of  Solution  Stability  31 

F *  Determination  of  pH  Change  before  31 

and  after  Electrolysis 


viii  - 


Page 

G.  Determination  of  Diffusion  Depen-  52 

dency 

H.  Preparation  of  Calibration  Curves  52 

I.  Quantitative  Assay  of  Pharmaceu-  54 

tical  Dosage  Forms 

3.  Quantitative  Analysis  of  Tetra-  59 

cyclines  in  Blood  and  Urine 

Results  and  Discussion  41 

A.  Reference  Standard  Purity  42 

8*  Temperature  Control  for  Polarographic  43 

Experiments 

C.  Determination  of  Optimum  Height  of  43 

Mercury  Column 

D.  Determination  of  Optimum  Buffer  System  49 

and  Optimum  pH 

E.  Determination  of  Solution  Stability  48 

F.  Determination  of  pH  Change  before  62 

and  after  Electrolysis 

G.  Determination  of  Diffusion  Dependency  62 

H.  Preparation  of  Calibration  Curves  75 

I.  Quantitative  Assay  of  Pharmaceutical  88 

Dosage  Forms 

3,  Quantitative  Analysis  of  Tetracyclines  104 

in  Blood  and  Urine 

K.  Mechanism  of  Electroreduction  106 

Summary  and  Conclusions  115 

Bibliography  119 

Appendix  125 


ix  - 


List  of  Tables 


T  able 

Page 

I 

Analysis  of  Tetracycline  Reference 
Standards  by  Mon-aqueous  Titration. 

44 

II 

Data  for  Determination  of  Diffusion 
Dependency  for  Tetracycline  HC1. 

67 

III 

Data  for  Determination  of  Diffusion 
Dependency  for  Oxy tetracycline  HC1. 

69 

IV 

Data  for  Determination  of  Diffusion 
Dependency  for  Chlortotracycline  HC1. 

71 

V 

Data  for  Determination  of  Diffusion 
Dependency  for  Damethy Ichlortetra- 
cycline  HC1 • 

73 

VI 

Data  for  Calibration  Curve  of  Tetra¬ 
cycline  Hydrochloride. 

77 

VII 

Data  for  Calibration  Curve  of  Oxyte- 
traeycline  Hydrochloride  * 

80 

VIII 

Data  for  Calibration  Curve  of  Chlor- 
tetracyciine  Hydrochloride . 

82 

IX 

Data  for  Calibration  Curve  of  Deme- 
thy Ichlor tot racy cl in©  Hydrochloride . 

85 

X 

Results  of  DC  Polarographic  Assay  of 
for  Tetracycline  Antibiotics. 

97 

XI 

Data  for  Logarithmic  Analysis  of 
Current- Voltage  Curve  of  Tetracycline 
Hydrochloride  (Here  the  Tuio  Waves  Were 
Studied  Continuously). 

109 

XII 

Data  for  Logarithmic  Analysis  of 
Current- Volt age  Curve  of  Tetracycline 
Hydrochloride  (Here  the  Two  Waves  Ware 
Studied  Separately). 

112 

XIII 

Data  for  Analysis  of  Pharmaceutical 
Dosage  Forms. 

126 

-  x 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


15 

49 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 


List  of  Figures 


The  Normal  Current-Voltage  Wave. 

Current-Volt  age  Curves  of  Tetracy¬ 
cline  HC1  in  Britton- R o  b  i  n  s  o n  Buffers. 

Cur  rent- Volt age  Curves  of  Tetracy¬ 
cline  HC1  in  Glycine-HCl  Buffer. 

Current- Volt age  Curves  of  Tetracy¬ 
cline  HC1  in  Lithium  Acetate-Acetic 
Acid  Buffer. 

Current- Volt age  Curves  of  Tetracy¬ 
cline  HC1  in  Potassium  Acid  Phtha- 
late-Sodium  Hydroxide  Buffer. 

Current- Volt age  Curves  of  Tetracy¬ 
cline  MCI  in  Phosphate  Buffer. 

Current- Voltage  Curves  of  Tetracy¬ 
cline  HC1  in  Sodium  Barbital- HC1 
Buff  er . 

Current-Voltage  Curves  of  Tetracy¬ 
cline  HC1  in  Borax-NaOH  Buffer. 

Current- Voltage  Curves  of  Tetracy¬ 
cline  HC1  in  Boric  Acid-Borax  Buffer. 

Current-Volt age  Curves  of  Oxy tetra¬ 
cycline  HC1  in  Boric  Acid-Borax 
Buf  f  er . 

Current-Volt age  Curves  of  Chlor tetra¬ 
cycline  HC1  in  Boric  Acid-Borax 
Buffer . 

Current- Volt age  Curves  of  Demethyl- 
chlortetracycline  HC1  in  Boric  Acid- 
Borax  Buffer. 

Current- Volt age  Wave  of  Tetracycline 
HC1  in  pH  7.75  Boric  Acid-Borax 
Buff  er . 

Determination  of  Diffusion  Dependency 
of  Tetracycline  HC1 


-  xi  - 


Figure  Page 

15  Determination  of  Diffusion  Dependency  70 

of  Oxy tetracycline  HC1. 

16  Determination  of  Diffusion  Dependency  72 

of  Chlortetrscycline  HC1. 

17  Determination  of  Diffusion  Dependency  74 

of  Demethylchlortet raoycline  MCI. 

18  Calibration  Curve  for  Tetracycline  78 

HC1 

19  Calibration  Curve  for  Oxy tetracycline  81 

HC1 . 

20  Calibration  Curve  for  Chiortetracy-  83 

cline  HC1. 

21  Calibration  Curve  for  Demethylchlor-  86 

tetracycline  HC1. 

22  Logarithmic  Analysis  of  Current-  111 

Voltage  Curve  of  Tetracycline  HC1 

(The  Tuio  Waves  Studied  Continuously), 

23  Logarithmic  Analysis  of  Current-  114 

Voltage  Curve  of  Tetracycline  HC1 


(The  Tujo  Waves  Studied  Separately). 


xii 


INTRODUCTION 


-  1  - 


2 


I .  Activity  and  Structural  Similarities  of  Tetracycline 
Antibiotics 

The  tetracyclines  are  the  prototypes  of  the  broad 
spectrum  antibiotics,  so-called  because  they  inhibit  the 
growth  of  a  wide  range  of  microorganisms,  including  many 
gram-positive  and  gram-negative  bacteria,  species  of 
rickettsia  and  mycoplasma  (PPLO),  certain  protozoa  and  large 
viruses  . 

Since  the  appearance  of  the  original  reports  on  the 
tetracyclines,  a  large  number  of  derivatives,  degradation 
products  and  similar  compounds,  having  a  wide  range  of  anti¬ 
biotic  activity,  have  been  described.  The  present  studies 
will  concern  themselves  largely  with  the  four  antibiotics 
which  are  used  extensively  in  the  clinic;  tetracycline  (TC), 
oxy tetracycline  (QIC),  chlor tetracycline  (CTC)  and  demethyl- 
chlortetracycline  (DPICTC).  The  close  chemical  similarity 
among  these  antibiotics,  their  similar  antibiotic  spectra 
and  the  mutual  cross-resistance  which  often  develops  to  them 
have  led  to  the  general  assumption  that  the  mechanisms  by 
which  the  tetracyclines  inhibit  the  growth  of  microbial 
C8.lls  are  similar,  if  not  identical.  Three  of  the  most 
acceptable  assumptions  summarized  by  Goodman  and  Gilman  (l ) 
are  that  th8  antibiotics  exert  their  effect  by  means  of; 

(i)  active  chelation  of  metal  cations, 

(ii)  inhibition  of  synthesis  of  specific  enzymes, 

(iii)  suppression  of  protein  synthesis. 

It  must  be  realized,  however,  despite  the  plausibility  of 


• 

* 
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each  of  these  assumptions,  that  the  exact  mechanism  of 
action  of  these  drugs  is  not  yet  known. 

Advantages  of  the  use  of  tetracyclines  as  chemothe¬ 
rapeutic  agents  are  their  effectiveness,  their  favorable 
pharmacodynamics  in  vivo ,  their  low  toxicity,  their  broad- 
spectrum  activity  and  their  oral  efficacy. 

Today  the  therapeutic  importance  of  tetracyclines  in 
the  treatment  of  human  infectious  diseases  is  already  well 
known.  Increasingly  their  applications  for  treating  some 
animal  and  plant  diseases  and  their  inclusion  in  animal 
feeds  have  rendered  them  the  most  popular  antibiotics  in 
the  field  of  chemotherapy.  Such  wide  spread  utilization 
of  these  products  n at u ally  requires  the  development  of 
reliable  methods  for  quality  control,  drug  availability 
studies  and  other  purposes. 

Structural  Formulas 

The  tetracyclines  actually  are  naphthacene  derivatives  with 
the  basic  ring  structure: 
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Tetracycline  Antibiotics  (active  forms)  Employed  in  This 
Study : 


H 


Name 

R1 

Os! 

K 

R 

3 

R4 

Rs 

R6 

n.u.  (usp) 

TC 

H 

ch3 

OH 

H 

n(ch3)2 

H 

free  base 

HC1  salt 

^phosphate 

not  known 

4  4  4  «  4  5 

480,91 

complex 

OTC 

H 

CH3 

OH 

OH 

fj(CH3)2 

H 

free  base 

HC1  salt 

460.44 

496.91 

CTC 

Cl 

CH3 

OH 

H 

n(ch3)2 

H 

free  base 

HC1  salt 

478.89 

515.35 

DMCTC 

Cl 

H 

OH 

H 

n(ch3)2 

H 

free  base 

HC1  salt 

464.86 

501 .32 

^Tetracycline  Phosphate  Complex  (tetracycline  sodium  bexa- 
metaphospha te  complex):  The  precise  structural  formula  of 
this  complex  is  not  known  since  the  complexes  vary  in  size. 
An  approximate  empirical  formula  for  tetracycline  phosphate 
complex  may  be  denoted  as  follows: 
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^C22H24N2°8^  *Na^P03^6j  x*H2° 

II*  Literature  Review 

■■■!■■■  !■— nirTrm  i«n.  . . ■*>«■ 

The  earliest  methods  of  assaying  tetracyclines  were 
the  microbiological  methods  and  these  are  still  maintained 
as  the  recognized  official  ones  by  the  USP  XVIII,  1970  (2) 

(A  spectrophotometr ic  method  for  the  assay  of  oxytetracy- 
c line  *  HC1  is  also  given),  the  BP,  1973  (3),  and  the  NF  XIII, 
1970  (4).  The  basis  of  the  microbiological  assays  is  just 
a  simple  comparison  of  inhibition  of  growth  of  some  selected 
susceptible  microorganism  produced  by  known  concentrations 
of  the  standard  preparations  with  that  produced  by  the 
sample  preparations  being  tested.  In  other  words,  this 
method  involves  a  direct  measurement  of  pharmacological 
activity.  Although  with  proper  selection  of  conditions  and 
microorganisms,  microbiological  methods  are  capable  of  great 
sensitivity  and  also  a  little  specificity,  at  least  for  a 
particular  class  of  antibiotics,  their  reliability  is  none- 
the less  somewhat  doubtful* 

The  commonest  procedures  in  the  microbiological  methods 
include:  (i)  Paper  Disc  Method,  (ii)  Cylinder- Plate  Method 
and  (iii)  Turbidimetr ic  Method* 

In  the  paper  disc  method,  circular  filter  paper  discs 
are  soaked  in  the  antibiotic  solution  and  then  placed  on  the 
agar  media  contained  in  a  petri  dish  which  has  already  been 
seeded  with  a  selected,  susceptible  test  microorganism*  The 
antibiotic  thus  will  diffuse  into  the  media  and  inhibit  the 
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grouth  of  the  microorganism  under  and  surrounding  the  paper 
disc . 

The  cylinder-plate  method  is  exactly  the  same  as  the 
paper  disc  method  except  that  the  antibiotic  solution  is 
contained  in  open-ended  cylinders  placed  upright  on  the  agar 
media*  The  solution  will  gradually  diffuse  out  and  produce 
the  inhibition  zones* 

The  turbidimetric  method  is  based  on  the  ability  of 
the  microorganism  to  grow  in  a  specified  culture  broth  in 
the  presence  of  sequenced  or  ordered  concentrations  of  an 
antibiotic.  Both  the  standards  and  the  samples  are  handled 
in  th8  same  manner*  and  turbidity  is  read  with  a  suitable 
turbidimeter  *  The  turbidity  increases  uith  a  decrease  of 
antibiotic  concentration  or  uith  decreased  effectiveness  of 
the  antibiotic. 

It  is  quite  obvious  that  the  first  deficiency  of  the 
microbiological  methods  is  their  inability  to  provide  infor- 
mation  on  the  presence  or  absence  of  impurities*  which  may 
be  microbiologically  active  or  inactive  or  even  toxic. 

This  fact  is  especially  important  when  the  preparation  con¬ 
tains  a  large  proportion  of  impurity.  The  second  is  their 
inability  to  differentiate  between  the  potency  or  effective¬ 
ness  of  the  antimicrobial  agent  and  its  degradation  products 
or  impurities,  particularly  if  the  dif fusibility  of  the 
latter  is  significantly  greater  than  that  of  the  former. 

It  is  very  possible  to  lead  to  erroneous  or  conflicting 


■ 
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results  (5),  It  should  be  kept  in  mind  that  the  inhibitory 
effect  is  additive  for  the  individual  components,  and  thus 
a  previous  separation  is  required.  In  addition,  microbio¬ 
logical  methods  require  long  (e.g,  eighteen  hours)  periods 
of  incubation,  and  the  results  are  of  low  precision  (ill  0-1 5% 
range)  unless  many  conditions  are  well  controlled  and  a 
large  number  of  observations  are  made  (6). 

From  the  foregoing  criticisms,  it  is  apparent  that 
there  is  a  need  for  much  greater  specificity  that  only 
chemical  or  physical  methods  can  provide.  When  suitable 
chemical  or  physical  methods  are  available  they  are  usually 
more  reliable,  reproducible,  accurate,  precise  and  further¬ 
more  less  time  consuming, 

A  simple  procedure  for  the  assay  of  chlor tetracycline 
uas  described  by  Levine  et  al*(7)s  based  on  its  conversion 
to  anhydrochlortetracy cline  by  heating  with  acid,  followed 
by  spectrophotometric  determination  at  440  nm,  Grove  and 
Randall  in  1955  (8)  described  three  spectrophotometric  or 
colorimetric  methods  which  were  then  in  current  use  for  the 
assays  of  tetracyclines.  One  (for  tetracycline  and  chlor- 
tetracycline)  was  the  method  of  Levine  e_t  a_l,(7),  another 
(for  tetracycline,  oxytetracycline  and  chlortetracy cline) 
was  adapted  from  the  work  of  Flonastero  _et  a_l,(9)  involving 
color  development  of  the  phenolic  hydroxyl  group  in  tetra¬ 
cyclines  with  ferric  chloride  followed  by  absorbance  measure¬ 
ment  at  490  nm,  and  the  third  (for  tetracycline  and  oxytetra- 


* 
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cycline)  involved  the  direct  spec trophotomet ric  measurement 
of  an  alkaline  solution  at  380  nm.  A  more  specific  uay  of 
analyzing  tetracycline  and  chlortetracycline  in  the  presence 
of  each  other  and  of  oxytetracycline  itself  uas  described 
by  Chiccarelli  jet  al, (IQ).  The  method  involves  the  conver¬ 
sion  of  chlortetracycline  to  is o-chlor tetracycline  by 
heating  at  pH  7.5.  Tetracycline  is  stable  under  these 
conditions  while  ijsjo-chlortetracycline  is  stable  in  hot 
acid.  For  oxytetracycline,  a  conversion  to  colorless  apooxy 
tetracycline  occurs  in  acidic  conditions.  Cruceanu  ejt  al« 
(11 )  analyzed  tetracycline  pharmaceutical  preparations 
simply  by  measuring  the  absorbance  at  355  nm  in  dilute  acid 
solution.  Good  agreement  uith  microbiological  results  uas 
claimed.  Chatten  and  Krause  (12)  have  described  the  quan¬ 
titative  determinations  of  various  tetracyclines  in  pharma¬ 
ceutical  formulations ,  based  on  the  color  development 
resulting  from  the  complex  formed  between  the  tetracyclines 
and  thorium.  3anik  and  Holiat  (13)  recently  have  described 
a  spectrophotometric  method  for  oxytetracycline,  based  on 
the  complex  formation  uith  cerium.  However,  most  of  the 
colorimetric  or  spectrophotometric  methods  devised  so  far 
lack  the  ability  to  differentiate  between  the  tetracyclines 
being  assayed  and  closely  related  impurities  or  their  degra¬ 
dation  products.  An  attempt  has  been  made  by  McCormick  ei: 
crl.(l4)  using  a  spectrophotometric  method  for  the  assay  of 
epitetracycline  in  tetracycline,  based  on  their  small 
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Numerous  very  sensitive  fluorometric  methods  have  been 
developed  utilizing  the  pronounced  fluorescence  of  tetracy¬ 
clines  especially  uhen  chelated  uith  cations.  Levine  jet  a_l . 
(?)  described  a  method  for  chlortetracycline  based  on  the 
development  of  stable  fluorescence  in  heated  aqueous  solu¬ 
tions  buffered  at  pH  7.5,  presumably  because  of  conversion 
to  iso-chlor tetracycline.  Kohn  (15)  found  th  at  tetracy- 
ciines  form  mixed  fluorescent  complexes  uith  calcium  and 
barbiturates  which  can  be  extracted  with  organic  solvents 
such  as  ethyl  acetate.  These  procedures,  however,  are  just 
suitable  for  analysis  of  tetracycline,  chlortetracycline, 
demethylchlortetracycline  and  rolitetracycline  and  are 
applicable  even  in  biological  samples  but  are  not  suitable 
for  oxytetracycline  because  of  the  reduced  fluorescence  and 
extraction  problems  uith  that  drug.  Ibsen  e_fc  a 1 . ( 1  6 ) 
devised  a  method  for  the  determination  of  oxytetracycline, 
in  which  oxytetracycline  is  extracted  from  acidic  aqueous 
solutions  with  amyl  alcohol,  then  extracted  back  into  basic 
solution.  An  aqueous  magnesium  chloride  solution  as  fluo¬ 
rescent  reagent  is  added  and  the  fluorescence  measured 
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after  a  short  time  interval*  The  concentration  of  oxytetra~ 
cycline  is  proportional  to  the  fluorescence  difference 
between  the  Flg-oxytetracycline  chelate  and  the  free  oxyte- 
tracyciine  which  is  liberated  by  adding  EDTA  to  the  solution, 
Wilson  jet  jal  *  ( 1  7 )  have  modified  Kohn’s  (15)  methods  by 
using  calcium  barbitone  as  the  reagent  and  chloroform  as 
the  extracting  solvent  and  applied  the  procedure  success¬ 
fully  to  the  analysis  of  tetracyclines  in  serum.  Lever  (13) 
has  further  combined  the  use  of  magnesium  as  a  chelating 
agent  with  that  of  barbiturates  in  developing  an  extremely 
sensitive  clinical  procedure  to  determine  tetracyclines  in 
serum,  sputum,  pus  ,  etc.  Interestingly,  Hawkins  (19)  has 
suggested  the  use  of  a  clean-up  procedure  involving  adsorp¬ 
tion  of  tetracycline  on  a  small  T?Florosilu  column  to  deter¬ 
mine  tetracycline  or  demethylchlortetracycline  in  bone, 
Alykova  (20)  has  claimed  many  advantages  for  beryllium  over 
magnesium  as  a  cornplexing  cation  for  determining  tetracy¬ 
cline  in  serum. 

Several  paper  chromatographic  procedures  have  been 
tried  also.  Selzer  and  Wright  (21)  employed  buffered  paper 
and  mixed  solvent  systems  for  the  determination  of  tetracy¬ 
cline  and  epitetracycline.  Kelly  and  Buyske  (22)  made  use 
of  the  sequestering  agent,  EDTA,  to  chelate  some  trace 
metals  in  the  paper  beforehand  to  improve  the  resolution. 
Addison  and  Clarke  (23)  determined  the  epitetracycline 
content  of  tetracycline  preparations  using  Whatman’s 
modified  cellulose  phosphate  cation-exchange  paper,  Sina 
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ct  aJL  *  (24)  described  the  determination  of  oxy tetracycline 
in  a  number  of  pharmaceutical  preparations  in  the  presence 
of  its  degradation  products. 

The  many  advantages  of  thin-layer  chromatography  over 
paper  chromatography  have  led  to  the  almost  complete  repla¬ 
cement  of  the  latter  by  the  former,  Kapadia  and  Rao  (25) 
applying  the  idea  of  Kelly  and  Buyske  (22) ,  have  success¬ 
fully  resolved  tetracycline f  oxy tetracycline  and  chlortetra- 
cycline,  Sonanini  and  Anker  (26)  claimed  more  consistent 
resolution  of  the  tetracyclines  by  dipping  the  TLC  plates 
in  glycerol  prior  to  their  use.  Ascione  et.  si.*  (27)  combined 
the  advantages  of  using  EDTA  and  a  mixture  of  polyethylene 
glycol  and  glycerol  to  get  better  resolution  of  tetracycline 
chlortetracycline  and  demethylchlort etracycline  from  each 
other  and  from  their  respective  degradation  products. 

Keiner  et  ail.  (28)  and  Fernandez  et  al.(29)  have  described 
another  mobile  solvent  and  simple  layer  system,  which  is  sui 
table  for  quantitative  analysis  for  tetracycline,  epitetracy 
cline,  anhydrotetracycline  and  epianhydrotetracycline ,  Recan 
tly,  van  Hoeck  jet  jal.(30)  have  suggested  another  combination 
of  stationary  and  developing  phases  as  having  superior  reso¬ 
lution  for  tetracycline  and  its  degradation  derivatives.  In 
a  series  of  papers,  Simmons  e t  al ♦ (31 —33 )  have  described 
systems  capable  of  resolving  tetracycline  from  its  impuri¬ 
ties,  based  on  layers  of  microcrystalline  cellulose  buffered 
uith  disodium  EDTA  and  ammonium  chloride. 
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Uith  larger  quantities,  column  chromatography  has 
been  recommended.  Kelly  (34)  has  developed  a  method  for 
the  analysis  of  anhydrotetracycline  and  epianbydr otetracy- 
cline  in  tetracycline  using  partition  chromatography. 
Ascione  e_t  aj^.(35,  36)  and  Pike  ejt  jhL .  (37)  have  applied  the 
information  of  the  thin-layer  chromatography  system  devised 
before  (27)  to  analyze  certain  tetracyclines  in  the  presence 
of  their  impurities.  For  the  determination  of  the  purity 
of  oxy tetracycline ,  Bailey  (6)  has  developed  another  quan¬ 
titative  chromatographic  procedures.  Recently,  Ascione  ejt 
a_l .  ( 38 )  proposed  an  efficient  automated  procedure  of  analy¬ 
sis  for  various  crystalline  tetracyclines  or  their  dosage 
forms*  In  addition  to  the  chromatographic  procedures, 
electrophoresis  is  a  valuable  method  of  separation.  Paris 
et  a_l  .(39)  and  Ochab  (40)  have  investigated  an  analytical 
method  using  the  paper  electrophoresis  technique  for  anti¬ 
biotics  including  the  tetracyclines.  It  should  be  remem¬ 
bered,  however,  that  all  of  the  chromatographic  procedures 
mentioned  above,  as  well  as  electrophoresis,  are  just  pre¬ 
liminary  steps  to  the  actual  quantitative  determination. 

The  progress  in  high  speed  liquid  chromatography  has 
demonstrated  it  to  bo  ideally  suited  to  the  specific  quan¬ 
titative  and  qualitative  analysis  of  tetracyclines.  Versa¬ 
tility,  speed,  excellent  resolution  and  high  sensitivity 
have  been  claimed  by  Butterfield  e_t  al .  (41).  Tsuji  jet  a^l. 
(42)  applied  high  pressure  liquid  chromatography  to 
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determine  tetracyclines  and  claimed  a  relative  standard 
deviation  of  1.02$  and  approximate  sensitivity  to  10  nano- 
grams  of  tetracycline  per  sample  injected  (1.5  ul). 

Visual  or  potentiometric  non™aqueous  titrations  can 
be  readily  performed  on  both  the  free  bases  and  hydrohalide 
salts  of  most  of  the  tetracyclines.  Sideri  and  Osol  (43) 
have  described  the  titrations  of  several  tetracyclines  in 
glacial  acetic  acid.  Yokoyama  and  Chatten  (44)  were  able 
to  obtain  quite  satisfactory  results  using  perchloric  acid 
in  dioxane  as  titrant,  methylene  blue  and  quinaldine  red  as 
mixed  indicator,  and  nitromethane~f ormic  acid-benzene 
system  as  solvent.  However  ,  for  some  of  the  pharmaceutical 
preparations ,  problems  were  encountered  due  to  formulation 
excipients . 

Aside  from  the  tremendous  value  of  NMR  in  elucidating 
the  structure  of  compounds,  Von  Uittenau  and  Blackwood  (45) 
recorded  NF1R  (  H)  spectra  of  several  tetracyclines  using 
pyridine,  dimethylsulphoxide  and  trif luor oacetic  acid  as 
solvents.  The  different  chemical  shifts  for  the  C~4  proton 
in  tetracycline,  anhydr otetracycline ,  epitetracycline  and 
epianhydrotetracycline  might  imply  some  analytical  possibi¬ 
lities.  Recently,  Schlecht  and  frank  (46),  using  NMR  to 
study  tetracycline  epirnerization ,  also  revealed  seme  poten¬ 
tial  utility  for  this  technique  both  in  quantitative  and 
qualitative  determinations  of  the  tetracyclines. 

Cptical  rotatory  dispersion  and  circular  dichroism 
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spectra  have  been  extended  to  the  studies  of  tetracyclines, 
flitscher  ejt  a_l .  ( 4 7 - 5 0 )  have  had  a  series  of  publications 
in  this  field® 

III.  PoXaroqraphy 

Polarography ,  the  study  of  current-voltage  curves 
obtained  with  mercury  electrodes  with  periodically-renewad 

t 

surfaces,  was  first  devised  by  Professor  3,  Heyrovsky  as  a 
physicochemical  method.  The  study  of  polarographic  elec¬ 
trolysis  from  this  point  of  view  has  contributed  consider¬ 
ably  to  our  understanding  of  transport  processes,  of  the 
role  of  potential  control  in  electrolysis,  and  of  effects 
of  chemical  reactions  antecedent,  parallel  or  consecutive 
to  the  electrode  process  proper.  Under  appropriate  condi¬ 
tions,  uhsn  a  definite  potential  is  applied  between  the  two 
electrodes  in  the  polarographic  cell,  a  typical  polar ogram 
is  thus  produced  as  shown  in  Figure  1. 

The  position  of  the  half  wave  potential  (E^y9  value) 
should  be  a  characteristic  value  for  a  particular  substance 
when  the  conditions  are  specified.  This  is  the  basis  for 
qualitative  idanti f ication  of  depolarizers. 

Applying  the  idea  of  Fick*s  first  and  second  diffu¬ 
sion  laws  and  examining  the  various  factors  governing  the 
diffusion  current,  likovic  (51 )  has  derived  the  following 
equation : 

/  n  o  /  ri  a  /  r 

’*’*** . ’(Equation  l),  where 

i ^  =  average  diffusion  current  in  microamperes  (pA)  during 


id  =  knD1/^  m2/3  d/6 


CURRENT  IN  MICROAMPERES  (pA. 


FIGURE  Is  THE  NORMAL  CURRENT- VOLTAGE  WAVE 
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APPLIED  POTENTIAL  IN  VOLTS 
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the  life  of  a  mercury  drop. 

k  ss  a  constant  uith  a  value  of  607  when  average  diffusion 
current  is  measured, 

n  =  the  number  of  electrons  per  ion  or  molecule  of  the 

electroactive  species  involved  in  the  electrode  reac¬ 
tion  . 

D  =  diffusion,  coefficient  of  reducible  or  oxidizable  subs- 

2 

tance  in  cm  /sec  • 

C  ”  concentration  of  electroactive  species  in  millimoles 
per  liter. 

m  =  rate  of  mercury  flou  from  dropping  mercury  electrode 
(DF1E)  capillary  in  mgs/sec  • 

t  "  mercury  dropping  time  in  seconds,  usually  counted  at 
the  potential  of  measuring  diffusion  current. 

Based  on  the  direct  proportionality  relationship 
between  the  diffusion  current  and  concentration,  polaro- 
graphy  thus  has  been  applied  widely  as  a  quantitative 
analytical  tool.  The  sensitivity,  the  small  volume  of 
sample,  and  in  particular  the  selectivity  of  polarographic 
methods  are  the  main  factors  leading  to  their  present 
situation . 

The  theoretical  principles  of  polarography  are  beyond 
the  scope  of  the  present  studies  but  have  been  discussed 
in  detail  in  a  number  of  textbooks  (52,  53). 

It  should  be  noted  that,  in  the  Ilkovic  equation, 
the  rate  of  mercury  flow,  m,  and  dropping  time,  t,  are 
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greatly  influenced  by  the  mercury  column  height,  h.  But 
actually  the  net  pressure  at  the  DME  capillary  tip  is  equal 
to  the  observed  height  of  mercury  column  minus  the  back 
pressure,  uhich  is  due  to  the  excess  pressure  needed  to 
overcome  the  interfacial  tension  of  mercury  and  to  expand 
the  drop*  The  general  equation  can  be  summarized  as  follows 
Corrected  height  of  mercury  column  in  era  ~  observed  height 


of  mercury  column  in  cm  -  back  pressure 
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height  of  the  mercury  column  can  be  shown  as i 

m  =  k,  h  ,  ,  . .  . . . . .  (Equation  3),  where 

is  a  constant* 

Meanwhile,  the  value  of  dropping  time,  t  ,  varies  inversely 
with  the  corrected  height  of  the  mercury  column,  as  shown 


by  Equation  4: 
k9 

t  =  — - — ^ - 


corrected 


\<2  is  another  constant 


(Equation  4),  whore 


If  Equation  3  and  4  are  substituted  into  the  Ilkovic 
equation,  Equation  1,  and  providing  all  other  factors  which 
can  affect  diffusion  current  remain  constant,  then  another 
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simplified  relationship  between  diffusion  current  and 
corrected  height  of  mercury  column  can  ba  established  as: 


(Eq  uation  5),  where 


kg  is  also  a  constant* 

Equation  5  provides  a  means  of  ascertaining  whether 
the  current  produced  at  the  DDE  is  actually  ths  result  of 
a  diffusion  controlled  process* 

The  dropping  tima,t  f  also  varies  as  a  function  of 
applied  voltage*  first  increasing  with  the  applied  potential 
up  to  -0*52  M  (vs*  saturated  calomel  electrode)  and  then 
decreasing  sharply*  But*  usually  it  is  controlled  within 
the  order  of  2  to  5  seconds* 

Although  the  temperature  term  does  not  appear  in  the 
Ilkovic  equation*  a  temperature  change  can  affect  every 
term  except  n*  The  diffusion  coefficient^  ,  is  especially 
sensitive  to  the  change  of  temparature  which  can  increase 
the  diffusion  current  by  1-25?  per  degree  rise  in  tempera¬ 
ture  in  the  vicinity  of  25*0°  C  ♦  Therefore,  careful  control 
of  the  temperature  of  the  electrolysis  cell  is  essential* 
Complex  formation  of  the  electroactive  species  with 
any  component  of  the  supporting  electrolyte  or  other  impu¬ 
rities  may  also  profoundly  affect  the  diffusion  coefficient* 
The  occurence  of  maxima  is  undesirable  because  of  the 
interference  with  diffusion  current  measurement.  The  addi¬ 


tion  of  an  appropriate  amount  of  a  suitable  maxima  suppre¬ 
ssor  (usually  the  final  concentration  of  maxima  suppressor 
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in  solution  ranges  between  O.GGI-O.GITo)  is  thus  suggested. 

A  high  concentration  of  maxima  suppressor  is  to  be  avoided 
because  it  may  markedly  change  the  viscosity  of  the  solu¬ 
tion  and  even  markedly  suppress  the  normal  waves. 

Due  to  the  oxygen  waves  appearing  at  about  -0,10  V 
and  -0.90  V  (vs.  SCE),  the  procedure  of  deaeration  is  nece¬ 
ssary.  The  air  is  usually  removed  by  bubbling  some  inert 
gas  such  as  oxygen-free  nitrogen  through  the  solution  for 
about  10  minutes  prior  to  analysis  (depending  on  the  volume 
of  solution  and  the  geometry  of  the  polarographic  cell)  and 
allowing  a  gentle  flow  of  nitrogen  to  layer  above  the  solu¬ 
tion  surface  to  prevent  oxygen  reabsorption  during  analysis. 
A  purified  grade  of  commercial  tank  nitrogen  is  frequently 
adequate  for  this  purpose.  If  the  last  trace  of  oxygen 
must  be  removed,  the  nitrogen  should  either  be  passed 
through  a  heated  tube  of  copper  turnings  or  a  gas  washer 
containing  some  suitable  reducing  agent  (54,  55). 

There  are  several  ways  of  evaluating  the  unknown  con¬ 
centration  of  a  substance  by  polarographic  analysis  among 
which  the  following  are  given: 

(i)  Absolute  Method: 

The  absolute  method  is  based  on  the  direct  application 
of  the  Ilkovic  equation,  however,  for  obvious  reasons,  it  is 
not  used  to  any  extent  in  practical  work. 

(ii)  A  Modified  Absolute  Method: 

The  Ilkovic  equation  can  be  rearranged  to 
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i  J/2  d 

knD  =  T^iur- 

The  characteristics  which  are  independent  of  the  electrodes 
and  instrument  are  grouped  together  on  the  left  and  are 
collectively  referred  to  as  the  11  diffusion  current  constant1} 
1^  ,  uhich  is  frequently  available  in  the  literature  uith 
reproducibility  within  5%  under  specified  conditions*  Then 
rearrangement  of  the  above  equation  gives, 

C  "  =  !d  m2/3  tl/6  • 

Although  the  concentration  is  obtained  in  this  manner,  the 
disadvantages  of  this  method  are  that  it  is  very  time  con** 
suming  and  not  very  accurate* 

(iii)  Direct  Comparison  by  Calibration  Curve  Method: 

This  method  is  convenient  for  routine  analyses  of 

large  numbers  of  samples*  However,  calibration  curves 
should  not  be  assumed  to  be  valid  from  day  to  day,  but  have 
to  be  verified  for  each  series  of  analyses* 

(iv)  Alternate  Direct  Comparison  Methods 

This  method  is  based  on  the  simple  relationship 

{ j  )  q 

'  "d7  sample  __  sample 

(  £  )  Q 

'  d 7  standard  standard 

Greatest  accuracy  is  obtained  when  the  concentrations  of 
standard  and  sample  closely  approximate  one  another,  espe~ 
daily  for  a  slightly  non-linear  relationship  between  wave 
height  and  concentration* 
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Usually  the  maximum  accuracy  is  obtai 
height  caused  by  the  addition  of  the 
approximately  double  that  of  the  unkn 
alone.  If  everything  is  handled  prop 
claimed  to  be  more  accurate  than  the 
method,  but  more  time  consuming. 

The  polarographic  method  of  ana 
for  the  analysis  of  inorganic  matter 
and  inorganic  compounds  are  reduced  a 
electrode,  giving  well  defined  waves, 
method  has  found  wide  application  in 
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metallurgical,  analysis  for  determining  the  component  parts 
or  impurities  of  alloys  (56) «  The  determination  of  trace 
metallic  impurities  in  commercial  chemicals,  or  trace  inor¬ 
ganic  constituents  in  water,  in  petrol,  in  various  organic 
and  biological  materials  and  in  foodstuffs  also  have  been 
reported.  A  large  number  of  examples  have  been  collected 
by  Purdy  (57), 

A  great  variety  of  organic  compounds,  including  many 
ketones,  aldehydes,  aikenes,  aryl  alkynes,  azomethines, 
nitriles,  azo  compounds,  azoxy  compounds,  peroxy  compounds, 
disulfides,  niiro  compounds,  nitroso  compounds,  hydroxyl- 
amines,  nitrites,  nitrates,  quinones,  aryl  halides,  poly™ 
nuclear  aromatic  ring  systems,  heterocyclic  double  bonds, 
etc*  are  reducible  at  the  dropping  mercury  electrode. 

Zuman  (50,  59)  has  collected  and  classified  these  various 
papers • 

Only  over  the  past  decade  has  it  been  recognized  that 
polarography  can  bs  useful  in  solving  some  fundamental 
problems  in  chemistry*  Especially  in  organic  chemistry, 
polarography  can  be  used  in  the  determination  of  equili¬ 
brium  and  rate  constants,  in  studies  of  reaction  mechanisms 
in  the  search  for  optimum  conditions  for  some  preparative 
reactions,  in  studies  and  comparisons  of  reactivities  of 
organic  compounds,  and  in  correlations  of  structure  with 
polarographic  data  (58,  59). 

Polarographic  analysis  is  not  limited  to  aqueous 
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solutions,  and  can  be  performed  in  some  nan-aqueous  systems 
(60-62).  Usually  the  organic  solvents  are  sufficiently 
polar  to  dissolve  some  organic  compounds  which  may  not  be 
soluble  in  water. 

Of  practical  interest  to  this  thesis,  polarographic 
techniques  have  been  applied  on  a  limited  basis  to  studies 
of  tetracycline  antibiotics.  In  1952,  Doskocil  and 
l/ondracek  (63)  determined  chlortetracycline .  Two  years 
later  Doskocil  (64)  extended  the  work  to  mixtures  of  oxyte- 
tracycline  and  chlortetracycline.  Doskocilova  (65)  has 
reported  on  the  polarographic  behaviour  of  various  tetra¬ 
cyclines  and  their  degradation  products.  In  1963,  Doan  and 
Riedel  (66)  proposed  the  use  of  polarographic  measurements 
for  quantitative  and  qualitative  purposes  for  ,5pureu  tetra¬ 
cycline  hydrochloride.  Hetman  (60)  at  about  the  same  time, 
used  differential  cathode  ray  polarography  to  record  some 
tetracyclines,  and  introduced  the  use  of  non-aqueous 
solvent  systems.  Alternating-current  polarography  has  been 
applied  to  the  assays  of  pharmaceutical  preparations  of 
different  tetracyclines  by  Caplis  et  jal.(67).  Later  in 
Caplis®  Ph.  D.  thesis  (62),  a  detailed  study  of  the  electro 
reduction  mechanism  was  given.  Recently,  Siivestri  (68) 
has  described  the  AC  and  DC  polarographic  determinations 
of  several  pharmaceuticals  (including  doxycycline) .  His 
method  was  reported  to  be  suitable  for  automated  determina¬ 
tions,  and  was  applied  to  the  determination  of  content 
uniformity. 


STATEMENT  OF  THE  PROBLEM 
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Polarography  is  a  rapid ,  precise  and  accurate  method 
for  both  quantitative  and  qualitative  analytical  purposes. 
Some  research  workers  have  determined  certain  tetracyclines 
polarographically .  However,  there  are  deficiencies  and 
discrepancies  in  the  literature  and  a  systematic  study 
appeared  to  be  of  value.  In  the  present  work,  efforts  have 
been  made  to  investigate  the  development  of  a  quantitative 
dc  polarographic  method  of  analysis  for  certain  tetracy¬ 
clines  and  their  pharmaceutical  dosage  forms,  and  some 
preliminary  studies  regarding  their  determination  in  some 
biological  samples. 

In  order  to  accomplish  the  foregoing ,  the  following 
parameters  have  been  systematically  investigated: 

(i)  The  determination  of  the  optimum  buffer  system  (i.e. 
that  which  offers  the  least  interference  to  the  polarogra¬ 
phic  waves  of  the  tetracyclines. 

(ii)  The  determination  of  the  optimum  pH  within  the  chosen 
buffer  system  which  would  give  the  best  resolved  waves  and 
afford  the  greatest  stability. 

(iii)  Studies  of  the  effect  of  pH  on  • 

(iv)  Studies  of  the  offsets  of  mercury  column  height  on 
mercury  flow  rate,  m  ,  dropping  time,  t  ,  and  the  diffusion 
current.  The  determination  of  diffusion  dependency  by 
plotting  diffusion  current  versus  (corrected  mercury  column 

height)^/^  . 

(v)  The  preparation  of  a  calibration  curve  for  the  various 
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tetracyclines  by  plotting  the  total  current  versus  concen¬ 
tration,  at  the  optimum  conditions  determined  earlier. 

(vi)  The  application  of  the  method  to  the  analysis  of  phar¬ 
maceutical  dosage  forms  and  a  comparison  of  the  results 
u>ith  those  provided  by  the  manufacturers. 

(vii)  The  investigation  of  some  extraction  procedures  for 
separation  of  the  tetracyclines  from  biological  samples  and 
then  a  determination  of  the  tetracyclines  polarographically. 
(viii)  The  examination  of  certain  fundamentals  pertaining 
to  the  process  of  electroreduction. 


EXPERIMENTAL 
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Apparatus 

Standard  laboratory  glassware;  Sargent  model  XV 
recording  polarograph;  polarographic  cell  (30  ml)  uith 
saturated  calomel  electrode  as  reference;  one  meter  ruler; 
stop  watch;  purified  tank  nitrogen;  thermostatically  con¬ 
trolled  water  bath  uith  a  pump  system;  Corning  pH  meter 
fitted  with  glass-calo m e  1  electrode  system;  Pettier  gram- 
atic  balance;  hot  plate;  water  bath;  titration  lamp; 
magnetic  stirring  apparatus;  vacuum  device* 

Reagents  a n d  Sol u t i o n s 

The  water  should  be  at  least  double-dis tilled  and 
polarographicaliy  pure*  All  chemicals  employed  in  this 
study  were  either  A.C«S*  or  reagent  grade  in  quality. 

Glacial  acetic  acid;  0,05  N  perchloric  acid  in 
d i o x a n e  standardized  against,  primary  s t a n d a r d  potassium 
acid  phihalate;  0*5?b  crystal  violet  in  glacial  acetic  acid; 
6%  mercuric  acetate  in  glacial  acetic  acid;  0.2  M  boric  acid 
stock  solution;  0*05  FI  borax  stock  solution;  freshly 
prepared  gelatin  solution;  cadmium  chloride;  hydrochloric 
acid;  disodium  EDTA* 

Reference  Standards 


The  following  is  a  list  of  pure  drugs  employed  as 
reference  standards  in  this  study. 

0  r  u  g  Manufacturer 

Tetracycline  Hydrochloride  Cyanamid  of  Canada  Limited 


Oxytstracycline  Hydrochloride  Pfizer  Company  Limited 
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Chlortetracycline  Hydro-  Cyan am id  of  Canada  Limited 

chloride 

Deme thy Ich lor tetracycline  Cyanamid  of  Canada  Limited 

Hydrochloride 

Tetracycline  Phosphate  Complex  Bristol  Laboratories  of 

Canada  Limited 


Procedure 

A •  Determination  of  Reference  Standard  Purity 

The  n on-aqueous  titration  system  devised  by  Sideri 
and  Osol  (43)  was  employed  to  determine  the  purity  or  po¬ 
tency  of  reference  standards.  A  quantity  of  about  200  mg 
of  the  crystalline  salt  was  accurately  weighed  and  dissolved 
in  00  ml  of  glacial  acetic  acid.  In  order  to  create  a 
readily  titratable  species^  10  ml  of  6%  mercuric  acetate  in 
glacial  acetic  acid  was  added  to  the  solution  and  2  drops 
of  0 . 5%  crystal  violet  in  glacial  acetic  acid  was  used  as 
the  indicator.  Uith  the  aid  of  a  magnetic  stirring  appa¬ 
ratus  and  a  titration  lamp v  the  solution  was  first  stirred 
for  5  minutes  and  then  titrated  to  a  blue  green  endpoint 
with  0.05  M  perchloric  acid  in  dioxane  using  a  10  ml 
burette.  The  progress  of  the  titration  was  also  followed 
pot en t iometr leal ly  with  a  Corning  pH  meter  equipped  with  a 
glass-calomel  electrode  combination.  In  the  above  titra¬ 
tions,  it  was  very  important  to  protect  the  system  from 
atmospheric  moisture. 
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B.  Constant  Temperature  Control  for  Polaroqraphy 

— BW — mWWXMW Wi<P  HW— M—  ——I  MMWIBM8tMW*MWWBWWBWBMWWMWHWCMllWWBtWiiWllM^iflaBaMiaWlltf<>l3WwM 

The  polarographic  cell  was  immersed  in  a  water  bath 
to  about  5/6  of  its  height*  The  water  bath  uas  connected 
to  a  large  thermostatically  controlled  reservoir  and  the 
water  uas  circulated  by  means  of  a  purnp.  The  temperature 
of  the  circulating  water  was  thus  kept  constant  at  25±0.2°C. 

C.  Determination  of  Optimum  Height  of  Mercury  Column 

A  standard  CdC^  solution  of  1*0  x  ID*"4  M#  acidified 
with  H C 1 ,  uas  prepared  and  a  25  ml  aliquot  was  transferred 
to  the  polarographic  cell*  After  deaeration  for  10  minutes 
with  purified  nitrogen  gas,  the  solution  was  protected  from 
oxygen  reabsorption  by  applying  a  gentle  flow  of  nitrogen 
gas  over  the  solution  surface*  The  polarograms  were  run 
separately  at  various  heights  of  the  mercury  column  ranging 
from  50*0  cm  to  about  90*0  cm  with  5  cm  as  the  interval* 

The  dropping  time  in  each  instance  was  recorded,  the  pola¬ 
rograms  were  compared  and  the  optimum  height  was  thus 
determined  * 

D.  Determination  of  Optimum  Buffer  System  and  Optimum  pH 

errj»r»  t  i~n  ir  i  ini  Minin  ittt  ~~inwinn~  n~rn  gm-rn  iirii  mi  nr  iiiiifurm  inir  ~nn  n  i  ~f~r  r mr  rum  ■■miwm  inm  tww  n  i  t  r ~  ■  mu  n  ibhiitiwiiHiiiit  ■rinTiir  miiii  im  win  r y»  «.■*!-■  — - <■-— 

A  variety  of  buffer  systems  such  as  the  Britton- 
Robinson  buffer  (universal  buffer  system  covering  the  pH 
range  of  2*6  to  11*8),  glycine-HCl  buffer  (pH  2.2  to  3.6), 

lithium  acetate-acetic  acid  buffer  (pH  3,6  to  5.6),  phtha- 
late-NaOH  buffer  (pH  4.2  to  6.0),  barbital  buffer  (pH  6.8 
to  9.2),  phosphate  buffer  (pH  5.7  to  8*0),  boric  acid-borax 
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buffer  (pH  7.6  to  9*2)  and  borax-NaOH  buffer  (pH  9*3  to 
10. Q),  with  0.2  pH  unit  as  the  interval  were  prepared. 

Each  of  the  above  buffer  solutions  was  scanned  polarogra- 
phically.  Then  the  concentration  of  each  tetracycline 
hydrochloride  in  the  individual  buffer  solution  was  main- 
tained  at  about  1*0  x  10  W,  After  deaeration  of  the 
solution*,  the  polar ogr arns  were  successively  obtained  and 
then  compared  *  From  these ,  the  most  acceptable  ones  were 
selected*  The  optimum  pH  within  the  chosen  buffer  system 
was  determined  examining  the  effect  of  smaller  pH  changes 
(eg*  0.1  pH  unit)  as  the  interval* 

E *  Determination  of  Solution  Stability 

vm  xtoulcs  ivmesa^auamiet  mtuutsssemjAiaesaue,  MnmeMan  k ^zawt'a^rm 

To  determine  the  period  of  stability,  solutions  of 
each  tetracycline  salt  were  prepared  at  a  concentration  of 
about  1.0  x  10M  fi  using  the  optimum  buffer  solutions 
determined  earlier.  The  solutions  were  protected  from 
light  as  much  as  possible  and  the  polarograms  were  deter¬ 
mined  every  half  hour  from  the  time  of  preparation.  The 
length  of  time  during  which  no  significant  change  occurred 
in  the  polarogram  was  determined  for  each  of  the  tetracy¬ 
clines  e 

F.  Determination  of  pH  Change  Before  and  After  Electrolysis 

g+r>  -*r  uarjsi.%iS-Jei'*ru*jw  ^7xim^!zvac&.Ttx£j<aj  jjiwcrasnar  tMx&K*.i^xxxar<utJV*ss  <svt  ckmaa 

The  pH  values  cf  the  solutions  prior  to  and  after 
running  the  polarograms  were  measured  to  insure  that  the 
pH  had  remained  constant. 
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G „  Determination  of  Diffusion  Dependency 

All  solutions  were  prepared  at  about  1.0  x  10  M 
using  their  specified  pH  buffer  solutions.  By  arbitrarily 
setting  the  height  of  the  mercury  column  ranging  from  56*0 
cm  to  about  90*0  cm,  the  polarograms  were  successively 
determined*  Meanwhile*  the  dropping  time*  t  ,  and  mercury 
flow  rate,,  m  ,  were  recorded  at  a  specified  potential 
(tetracycline  at  -1*70  V  vs  SCE;  oxytetracycline  at  -1*60 
V  vs  SCE;  chlcr tetracycline  at  -1.66  M  vs  SCE  and  demethyl- 
chlor tetracycline  at  -1*70  M  vs  SCE)  for  each  height 
setting.  For  demethylchlortetracycline 9  the  addition  of 
0.125  ml  (from  calibrated  dropper)  of  1%  freshly  prepared 
gelatin  solution  to  the  25  ml  of  solution  was  necessary. 

H.  Preparation  of  Calibration  Curves 

All  calibration  curves  were  made  by  averaging  five 
determinations  and  all  current  readings  were  corrected  to 
account  for  the  degree  of  purity  or  potency  of  the  refer¬ 
ence  standards  being  used. 

(i)  Calibration  Curve  for  Tetracycline  Hydrochloride: 

A  quantity  of  the  hydrochloride  equivalent  to  about 
50  mg  uas  accurately  weighed.  This  amount  of  crystalline 
material  was  dissolved,  quantitatively  transferred  and  made 
to  volume  with  the  optimum  pH  buffer  solution  previously 
determined  (pH  7.75  boric  acid-borax  buffer)  in  a  100  ml 
volumetric  flask.  This  constituted  the  stock  solution 
having  a  concentration  of  0.5  mg  tetracycline*  MCl/rni  . 


. 
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Dilutions  were  then  made  from  the  stock  solution  with 
buffer  solution  to  contain  0*100  mg,  0.250  mg*  0.375  mgs 
0*500  mg,  0.750  mg,  1.000  mg  and  1.250  mg  per  10  ml  solu- 
tion  respectively.  A  25.0  ml  aliquot  of  the  standard  solu¬ 
tion  was  pipetted  into  the  polarographic  cell  already  aqui™ 
librated  at  25*0° C  and  then  deaerated  by  bubbling  the 
purified  tank  nitrogen  through  the  solution  for  10  minutes, 

A  gentle  flow  of  the  nitrogen  gas  was  applied  to  the  layer 
above  the  solution  surface  during  the  analysis.  The  applied 
potential  range  was  0e0Q  to  -2.00  V  and  the  sensitivity 
scale  was  set  at  0.015  uA/mrn*  The  polarograms  were  deter¬ 
mined  and  the  total  currents  were  measured  at  the  potential 
which  is  generally  the  center  point  of  the  plateau  (i.e. 
-1.70  M  vs  SCE  in  this  case), 

(ii)  Calibration  Curve  for  Oxy tetracycline  Hydrochloride : 

The  procedure  was  identical  to  that  for  tetracycline 
hydrochloride  except  that  the  optimum  pH  of  the  boric  acid- 
borax  buffer  was  chosen  as  8,20  and  the  total  currents  were 
measured  at  -1.60  U  vs  SCE. 

(iii)  Calibration  Curve  for  Chlortetracycline  Hydrochlorides 
The  procedure  was  identical  to  that  for  tetracycline 

hydrochloride  except  that  the  optimum  pH  of  the  boric  acid- 
borax  buffer  was  selected  as  7.95  and  the  total  currents 
were  measured  at  -1,66  V  vs  SCE. 

(iv)  Calibration  Curve  for  Demethylchlortei racycline  Hydro¬ 


chloride  t 


I  ■  ' 
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The  procedure  was  identical  to  that  for  tetracycline 
hydrochloride.  However,  the  addition  of  an  appropriate 
amount  of  freshly  prepared  1%  gelatin  solution  was  required 
for  this  drug  (0,125  ml  of  gelatin  solution  added  to  the 
25  ml  solution  with  a  calibrated  dropper)  during  the  de¬ 
aeration  step, 

Ie  Quantitative  Assay  of  Pharmaceutical  Dosaqe  Forms 

General  Procedure  it  1  A  suitable  quantity  of  the 

powdered  material  uas  accurately  weighed  into  a  150  ml 
beaker,  90  ml  of  the  specified  buffer  solution  was  added 
and  the  mixture  stirred  for  10  minutes.  Upon  the  comple¬ 
tion  of  the  stirring,  the  mixture  was  filtered  under  suc“ 
tion  through  a  sintered  glass  filter  with  medium  porosity, 
after  which  fcha  clear  filtrate  was  quantitatively  trans¬ 
ferred  to  a  100  ml  volumetric  flask  and  brought  to  volume 
with  the  specified  buffer  solution.  The  resulting  stock 
solution  had  a  concentration  of  approximately  5,0  mg  of  the 
tetracycline  base  or  salt  per  10  ml  of  solution,  A  fifteen 
ml*  aliquot  of  the  stock  solution  was  pipetted  into  each  of 
five  100  mi  volumetric  flasks,  and  made  up  to  volume  with 
the  buffer  solution.  The  pH  of  the  solution  uas  checked 
and  adjusted  before  the  electrolysis.  The  deaeration  step 
uas  carried  out  as  described  previously  and  the  polarograrn 
was  determined,  Uhen  the  other  compounds  in  the  prepara-* 
tions  were  declared  on  the  label,  solutions  of  those  com¬ 
pounds  were  prepared  at  the  appropriate  concentration,  and 
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their  polarograms  determined  so  that  the  currents  attri¬ 
butable  to  those  compounds  could  be  calculated. 

General  Procedure  #  2  The  liquid  preparation  was 

vigorously  shaken  for  at  least  10  minutes  and  then  a  suit¬ 
able  quantity  of  it  uas  accurately  pipetted  into  a  volu¬ 
metric  flask  and  finally  diluted  to  volume  with  the  optimum 
buffer  solution.  This  was  followed  by  magnetic  stirring 
for  5  minutes  so  that  the  stock  solution  prepared  had  a 
theoretical  concentration  of  5,0  mg  of  the  tetracycline 
base  or  salt  per  10  ml  of  solution.  If  the  tetracyclines 
existed  as  insoluble  forms  ,  such  as  free  base  or  some 
complex*  the  addition  of  an  appropriate  amount  of  3  M  hydro¬ 
chloric  acid  uas  necessary  immediately  after  pipetting  the 
original  sample.  The  remainder  of  the  method  was  identical 
to  General  Procedure  #  1  ,  starting  with  the  words  ,5A  fifteen 
ml  aliquot  of  the  stock  solution  uas  pipetted  into  each  of 
five  100  ml  volumetric  flasks 

The  following  is  a  list  of  the  commercial  products 
that  were  assayed  in  this  investigation; 


Tablets : 

Trade  Marne 

Drug 

Planuf  actur  er 

Declomycin  300 

DNCTOHCl 

Cyanarnid  of  Canada 

Ltd, 

T-Tabs 

TC»  HC1 

ICN  Canada  Ltd. 

Novotetra 

TO  HC1 

Novopharm  Ltd. 

For  each  product,  ten  tablets  were  weighed  and  the 
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mean  weight  was  determined.  The  ten  tablets  were  ground 
to  a  fine  pou/der  using  a  mortar  and  pestle,  then  General 
Procedure  #  1  was  followed  directly. 

(ii)  Capsules: 


Trade  Name 

Druq 

Manuf  acturer 

Tetrex  100 

mg 

TC*  Phosphate 

Bristol  Lab.  of 

Canada 

Tetrex  250 

mg 

TC • Phosphate 

Bristol  Lab.  of 

Canada 

Tetrex  bid 
500  mg 

CAPS 

TC*  Phosphate 

Bristol  Lab.  of 

Canada 

Tetrex-F 

TC*  Phosphate 
&  Nystatin 

Bristol  Lab.  of 

Canada 

Achromycin 

TC*HC1 

Cyanamid  of  Canada 

Ltd. 

Aureomycin 

CTC*  HC1 

Cyanamid  of  Canada 

Ltd. 

Declomycin 

DMCTC  *  HC1 

Cyanamid  of  Canada 

Ltd. 

T-Caps 

TC • HC1 

ICN  Canada  Ltd. 

Tetralean 

TC*  HC1 

M.T.C.  Pharmaceuticals 
Ltd. 

Novotetra 

TC • HC1 

Novopharm  Ltd. 

Tetracyn 

TC*  HC1 

Pfizer  Company  Ltd. 

Terramycin 

OTC-HCl 

Pfizer  Company  Ltd. 

For  each  product  ten  capsules  were  weighed  and  then 
their  contents  were  transferred  to  a  clean  beaker,  the  last 
traces  of  the  contents  being  removed  by  a  vacuum  device. 
Following  this,  the  tare  weight  of  each  capsule  was  deter* 
mined  and  the  net  weight  of  the  content  was  thus  found. 
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General  Procedure  #1  uas  then  followed  in  each  instance, 
(iii)  Injection  Powders  in  Vials: 


Trade  Name 

Druq 

Manufacturer 

Achromycin  for  IM 

TC  *  HC1 

Cyanamid  of  Canada 
Ltd. 

Tetracyn  for  in 

TC  • HC1 

Pfizer  Company  Ltd. 

Tetracyn  for  IV 

TC • HC1 

Pfizer  Company  Ltd. 

Terramycin  for  IM 

0TC.HC1 

Pfizer  Company  Ltd. 

Terramycin  for  IV 

OTC • HC1 

PfizGr  Company  Ltd. 

The  procedures 

for  obtaining 

the  mean  weight  of  the 

contents  were  similar 

to  those  for 

capsules.  Having  removed 

the  powder  from  the  vials,  General 

Procedure  #1  uas  followed 

directly. 

(iv)  Ointments: 

Trade  Name 

Drug 

Manufacturer 

Achromycin  Eye- 
Ear  Ointment 

TC*  HC1 

Cyanamid  of  Canada 

Ltd . 

Achromycin  Topi¬ 
cal  Ointment 

TC.HC1 

Cyanamid  of  Canada 

Ltd. 

Aureomycin  Oph¬ 
thalmic  Ointment 

CTC.HC1 

Cyanamid  of  Canada 

Ltd  • 

Aureomycin  Topi¬ 
cal  Ointment 

CTC-HC1 

Cyanamid  of  Canada 
Ltd. 

Terramycin  Oph¬ 
thalmic  Ointment 

0TC.HC1  & 
Polymyxin 
Sulfate 

Pfizer  Company  Ltd. 

B 

Terramycin  Topi¬ 
cal  Ointment 

0TC.HC1  & 
Polymyxin 
Sulfate 

Pfizer  Company  Ltd. 

B 
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The  stock  solution  was  prepared  by  successive  heating, 
stirring,  cooling  and  filtering  of  a  suitable  accurately 
known  weight  of  ointment  with  90  ml,  50  ml,  30  ml  and  20  ml, 
respectively,  of  specified  buffer  solution.  The  accumu¬ 
lated  grease-free  filtrate  was  then  quantitatively  trans¬ 
ferred  into  a  200  ml  volumetric  flask  and  made  up  to  volume 
with  the  buffer  solution.  The  stock  solution  was  then 
diluted  according  to  General  Procedure  #1  prior  to  obtain¬ 
ing  the  polarogram. 

(v)  Syrups: 


Trade  Name 

Druq 

Manufacturer 

Tetrex 

TC.HC1 

8ristol  Lab.  of 
Canada 

Achromycin 

TC 

Cyanamid  of  Canada 
Ltd. 

Terramycin 

Ca » GTC 

Pfizer  Company  Ltd 

For  the  foregoing  products,  General  Procedure  $2  was 
followed  with  a  minor  modification.  For  Terramycin  Syrup, 
the  further  addition  of  three  moles  of  disodium  EDTA  per 
mole  of  calcium  oxytetracycline  complex  was  necessary  when 
preparing  the  "stock”  solution. 


(vi)  Suspensions: 

Trade  Name 

Drug 

■wun  fl 

Manufacturer 

T-Liquid 

TC 

ICN  Canada  Ltd. 

Novotetra 

TC 

Novopharm  Ltd. 

Tetracyn 

TC 

Pfizer  Company  Ltd 
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For  the  above  pharmaceuticals 
uas  employed. 

(vii)  Pediatric  Drop: 

Trade  Name  Drug 

Terramycin  Ca*di-0TC 


General  Procedure  #2 


Manufacturer 
Pfizer  Company  Ltd. 


The  sample  treatment  of  this  preparation  uas  similar 
to  that  for  Terramycin  Syrup. 


3 •  Quantitative  Analysis  of  Tetracyclines  in  Blood  and 
Urine 

The  extraction  procedures  for  oxytetracycline  hydro¬ 
chloride  from  blood  devised  by  Scales  e_t  aK(69)  uere 
modified  and  applied.  To  the  20  ml  of  urine  sample,  20  ml 
of  0.1  N  HC1  containing  ^ -mercaptopropionic  acid  and  5  ml 
of  30/S  u/v  trichloroacetic  acid  were  added  and  mixed  tho¬ 
roughly  for  5  minutes.  The  mixed  solution  uas  then  centri¬ 
fuged  at  2000  rpm  for  ten  minutes.  The  supernatant  liquid 
uas  removed  and  extracted  by  a  total  of  100  ml  of  ether  to 
remove  any  traces  of  trichloroacetic  acid.  Then  pH  adjust¬ 
ment  had  to  be  carried  out  for  the  ether-free  aqueous  layer 
by  adding  2  ml  of  1.0  N  NaOH  and  12  ml  of  citrate-phosphate 
buffer.  Under  these  buffered  conditions,  extraction  uas 
performed  by  addition  of  200  ml  of  freshly  distilled  ethyl- 
acetate  and  centrifugation  to  get  the  upper  layer,  the 
ethylacetate  layer.  Finally,  2.0  ml  of  ^ -mercaptopropionic 
acid  in  methanol  (50  mg/ml)  uas  added  to  this  ethylacetate 
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layer,  the  mixture  was  then  evaporated  with  a  flash-evapo¬ 
rator  at  a  temperature  of  60°C.  The  residue  was  dissolved 
in  25  ml  of  the  specified  pH  boric  acid-borax  buffer  and 
transferred  to  the  polarographic  cell  for  determination* 


RESULTS  AND  DISCUSSION 
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A •  Reference  Standard  Puri  £x 

The  non-aqueous  titration  system  devised  by  Sideri 
and  Osol  (43)  was  found  to  be  suitable  for  the  determina¬ 
tion  of  the  purity  of  the  various  tetracycline  hydrochlo¬ 
ride  reference  standards  with  the  exception  of  tetracycline 
phosphate  complex.  By  utilizing  glacial  acetic  acid  as  an 
amphiprotic  solvent,  the  weak  basicity  of  the  tetracyclines 
was  so  enhanced  that  a  very  distinct  visual  endpoint  could 
be  easily  observed. 

In  addition  to  the  visual  titration  values,  potentio- 
metric  titrimetric  results  were  obtained  concurrently  and 
thus  accurate  values  of  purity  could  be  calculated  for  the 
tetracycline  reference  standards.  Both  in  the  visual  and 
potentiometric  titrations,  it  was  essential  to  protect  the 
titration  vessel  from  atmospheric  moisture.  Failure  to 
observe  this  precaution  resulted  in  over-titration,  and 
indeed,  in  some  instances,  no  endpoint  was  detectable. 

The  results  of  the  titrations  are  presented  in  Table 
I  together  with  the  average  percent  purity  for  all  the 
reference  standards  except  the  tetracycline  phosphate  com¬ 
plex.  It  uas  not  possible  to  determine  the  purity  of  this 
substance  by  this  method  because  the  molecular  weight  of 
the  complex  may  vary  from  batch  to  batch.  For  tetracycline 
hydrochloride  and  deraethylchlortetracycline  hydrochloride* 
the  potencies  were  found  to  be  slightly  in  excess  of  one 
hundred  percent.  These  values  could  b9  considered  to  be 
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within  the  experimental  error  of  the  method  or  they  could 
be  rationalized  as  being  mainly  due  to  the  existence  of  trace 
amounts  of  lower  molecular  weight  titratable  impurities. 
Attempts  were  made  to  purify  the  other  two  tetracyclines 
by  means  of  column  chromatography  but  this  was  abandoned 
after  several  trials.  It  is  not  possible  to  rely  on  the 
stability  of  these  antibiotics  over  the  long  elution  period 
and  during  the  drying  process, 

B.  Te  rnperature  Control  for  Polarooraphic  Experiments 

Although  the  Ilkovic  equation  does  not  contain  a  tem¬ 
perature  factor,  the  influence  of  temperature  variations  on 
polarographic  measurements  is  well  documented.  It  has  been 
found  that  the  current  heights  have  a  temperature  coeffi- 
cient  around  2porcent  at  the  room  temperature.  In  order  to 
circumvent  this  problem,  a  thermostatically  controlled  water 
bath  and  pump  system  was  employed.  The  temperature  of  the 
polarographic  cell  was  thus  maintained  at  25lt0.2oC  through¬ 
out  this  study.  Such  a  small  variation  in  temperature  would 
not  have  a  significant  effect  on  the  current  height. 


C.  Determination  of  Optimum  Height  of  Mercury  Column 

The  results  showed  that  polarograms  determined  between 
heights  of  56.0  and  90.0  cm  were  quite  acceptable,  however, 
there  was  a  tendency  for  a  maximum  to  appear  when  the  mer¬ 
cury  column  height  was  lower  that  55.0  cm.  Uhon  the  height 
was  raised  above  90.0  cm,  the  dropping  time  was  shortened  so 
that  the  mercury  drops  created  a  severe  "swirling  effect" 
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Table  I  Analysis  of  Tetracycline  Reference  Standards 
by  Non-aqueous  Titration 


Drug 

Sample  Ut. 
in  mg 

* 

ml  of 
Titrant 

%  Purity 

Average 
%  Purity 

TC*  HC1 

203.26 

8.38 

100.13 

(Cyanamid) 

205.70 

8.48 

100.12 

100.10 

208.30 

8.58 

100.04 

0TC-HC1 

199.20 

7.68 

96.75 

(Pfizer ) 

201.36 

7.77 

96,83 

96.81 

195.60 

7.55 

96.86 

CTC*HC1 

224.76 

8.45 

97.84 

(Cyanamid) 

211.70 

7.95 

97,73 

97.90 

212.16 

8.00 

98.13 

DflCTC*  HC1 

199*59 

7,93 

100,59 

(Cyanamid) 

205.10 

8.15 

100.60 

100.61 

201.72 

8,02 

100.65 

TC*  Phos¬ 
phate 

(Bristol) 

1)  TC  is  tetracycline, 

2)  OTC  is  oxytetracycline. 

3)  CTC  is  chlortetracycline . 

4)  DFiCTC  is  demethylchlortetracycline. 

The  titrant  used  uas  0,0505  N  PERCHLORIC  ACID  in  DIQXANE. 
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in  the  solution.  A  satisfactory  compromise  between  these 
two  extremes  led  to  the  choice  of  a  fixed  height  at  65.0  cm. 
This  led  to  a  reasonable  and  satisfactory  dropping  time  of 
around  three  seconds. 

D •  Determination  of  Optimum  Buffer  System  and  Optimum  pH 

A  variety  of  buffers  were  prepared  at  0.2  pH  unit 
intervals.  They  were  (a)  Britton-Robinson  universal  buffer 
(pH  2.6  to  11.8);  (b)  glycine-HCl  buffer  (pH  2.2  to  3.6); 

(c)  lithium  acetate-acetic  acid  buffer  (pH  3,6  to  5.6);  (d) 
potassium  acid  phthalate-MaQH  buffer  (pH  4.2  to  6 • 0 ) ;  (e) 
sodium  barbital-HCl  buffer  (pH  6.8  to  9.2);  (f)  phosphate 
buffer  (pH  5.7  to  8.0);  (g)  boric  acid-borax  buffer  (pH  7.6 
to  9.2);  and  (b)  borax-NaGH  buffer  (pH  9,3  to  10. 0),  Each 
of  the  foregoing  buffer  systems  uas  scanned  polarographically 
and  found  to  contain  no  substance  that  interfered  with  the 
reduction  of  the  tetracyclines  at  the  chosen  pH.  Uhen  solu¬ 
tions  of  the  various  tetracycline  hydrochlorides  were  prepa¬ 
red  with  the  individual  buffer  solutions  and  polarographed , 
however,  only  a  feu  polarograms  were  found  to  be  of  analy¬ 
tical  value.  Figure  1  represents  an  ideal  current-voltage 
plot  which  illustrates  a  well-defined  limiting  current  pla¬ 
teau.  The  diffusion  current  of  such  a  polarogram  is  easily 
measured.  Because  of  the  complex  nature  of  the  molecules, 
such  well-defined  elec trocapillary  curves  were  not  obtained 
with  the  tetracyclines  in  any  of  the  buffer  systems  inves¬ 
tigated. 
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Fig  ure  2  illustrates  the  current-voltage  curves  for 
tetracycline  hydrochloride  at  various  pH  values  in  the 
Britton-Robinson  buffer  system.  In  view  of  the  fact  that 
the  above  mentioned  buffer  system  covers  such  a  wide  pH 
range  (2.6  to  11.8),  it  uas  expected  that  an  optimum  pH 
would  be  found  where  the  polarograms  of  the  antibiotics 
would  be  well-defined.  The  fact  that  no  such  pH  range  uas 
apparent  with  this  buffer  may  be  attributed  to  something  in 
its  composition.  In  its  dual  capacity  as  supporting  elec¬ 
trolyte,  it  apparently  exerted  a  profound  effect  upon  the 
reduction  mechanism  of  the  depolarizer. 

At  low  pH  values,  there  may  well  be  a  re-orientation 
of  the  adsorbed  molecules  on  the  electrode  which  may  adver¬ 
sely  influence  the  polarograms.  At  high  pH  values  (begin¬ 
ning  at  9.0  and  above)  chemical  changes  could  be  readily 
detected  in  the  system  as  observed  by  rapid  color  changes. 
Therefore,  it  appeared  to  be  important  to  limit  the  pH  of 
the  solutions  to  the  general  area  around  the  neutral  region. 

Figures  3  to  8  inclusive  represent  the  polarograms 
obtained  when  tetracycline  hydrochloride  was  reduced  polaro- 
graphically  in  certain  other  buffer  systems.  An  examination 
of  these  Figures  quickly  illustrates  that  the  respective 
waves  possessed  one  or  more  highly  undesirable  characteris¬ 
tics.  For  example,  in  the  glycine-HCl  buffer  (Figure  3)  as 
well  as  lithium  acetate-acetic  acid  buffer  (Figure  4),  pota¬ 
ssium  acid  phthalate-NaOH  buffer  (Figure  5)  and  the  borax- 
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NaOH  buffer  (Figure  8),  the  waves  were  poorly  resolved  and 
consequently  of  no  value  for  quantitative  purposes. 

On  the  other  hand,  in  both  the  phosphate  buffer 
(Figure  6)  and  the  sodium  barbital-HCl  buffer  (Figure  7), 
significant  and  prominent  maxima  occurred  frequently. 

Of  the  systems  investigated,  the  boric  acid-borax 
buffer  was  found  to  offer  the  optimum  conditions  for 
several  reasons.  Firstly,  in  the  applied  potential  range 
of  zero  to  tuo  volts,  an  ideally  linear  residual  current 
was  observed.  Secondly,  a  smooth  but  distinctive  poiaro- 
gram  with  a  broad  limiting  current  plateau  for  the  second 
wave  was  obtained.  Thirdly,  maximum  suppressor  was  required 
in  only  one  instance.  And  finally,  no  additional  support¬ 
ing  electrolyte  uas  required. 

Figure  9  illustrates  the  polarograms  obtained  in  boric 
acid^borax  buffer  for  tetracycline  hydrochloride.  An  exa¬ 
mination  of  the  various  polarograms  resulted  in  the  selec- 
tion  of  pH  7.75  as  providing  optimum  conditions  for  this 
antibiotic.  Figure  10  presents  the  current-voltage  curves 
obtained  for  oxytetracycline  hydrochloride  in  boric  acid- 
borax  buffer,  A  pH  value  of  8.20  uas  selected  for  this 
drug.  The  current-voltage  curves  for  chlortetracycline 
hydrochloride  in  boric  acid-borax  buffer  are  presented  in 
Figure  11.  A  pH  value  of  7.95  uas  chosen  for  this  substance. 
Similarly,  Figure  12  represents  the  polarograms  for  deme¬ 
thyl  chlortetracycline  hydrochloride  in  the  same  buffer 
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system*  Maxima  are  apparent  over  the  entire  range  of  this 
buffer.  However,  the  addition  of  0.125  ml  of  1%  freshly 
prepared  gelatin  solution  per  25.0  ml  of  solution  success¬ 
fully  eliminated  the  maximum  at  pH  7.75.  Consequently,  this 
uas  selected  as  the  working  pH  for  demethylchlortetracycline. 

The  recorded  polarograms  indicate  there  are  at  least 
two  polarographic  reduction  steps,  however,  the  first  wave 
uas  not  well  resolved  before  the  second  wave  made  its 
appearance.  Since  neither  the  limiting  current  of  the  first 
wave  nor  the  base  line  of  the  second  wave  could  be  identi¬ 
fied  uith  any  degree  of  certainty,  it  was  virtually  impo¬ 
ssible  to  measure  accurately  the  height  of  either  wave. 

This  is  illustrated  in  Figure  15.  Consequently,  the  total 
current  uas  measured  for  each  tetracycline. 

It  was  observed  that  the  potential  corresponding  to 
the  point  at  the  center  of  the  limiting  current  plateau  uas 
characteristic,  when  the  total  current  of  tetracycline 
hydrochloride  was  measured  at  -1,70  V  vs  SCE.  For  oxytetra- 
cycline  hydrochloride,  the  total  current  was  measured  at 
-1.60  V;  for  chlortetracycline  hydrochloride  measurements 
were  made  at  -1.66  1/ ;  for  demethylchlortetracycline  hydro¬ 
chloride  at  -1.70  V.  In  all  instances,  a  SCE  uas  employed. 

E.  Determination  of  Solution  Stability 

■■n—  »nrwijwi<u.i,ijii-TjaKui[iiiiiwi«iiimwi>iii  i  n  —  iwnrnnw  a—  —  ■Maae— a imb i tmmmanm 

The  solutions  of  each  of  the  tetracycline  salts  were 
prepared  at  a  concentration  of  about  1.0  x  1G~^  H  using  the 
optimum  buffer  system  previously  described.  Polarograms 
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FIGURE  2:  CURRENT- VOLTAGE  CURVES  OF  TETRACYCLINE  HYDROCHLORIDE  IN  BRITTON- ROB IN SON 
BUFFERS 
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FIGURE  2  CONTINUED!  CURRENT-VOLTAGE  CURVES  OF  TETRACYCLINE  HYDROCHLORIDE  IN  BRITTON- 

ROBINSON  BUFFERS. 
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FIGURE  3:  CURRENT-VOLTAGE:  CURVES  OF  TETRACYCLINE  HYDROCHLORIDE  IN  GLYCINE-HC1  BUFFER 
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FIGURE  4s  CURRENT-VOLTAGE  CURVES  OF  TETRACYCLINE  HYDROCHLORIDE  IN  LITHIUM  ACETATE- 
ACETIC  ACID  BUFFER  (THE  FIRST  FIVE  USING  LiCl,  THE  LAST  FIVE  USING  TETRA¬ 
ETHYL  AMMONIUM  BROMIDE  AS  SUPPORTING  ELECTROLYTE). 
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FIGURE  6s  CURRENT-VOLTAGE  CURVES  OF  TETRACYCLINE  HYDROCHLORIDE  IN  PHOSPHATE  BUFFER 
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FIGURE  7:  CURRENT-VOLTAGE  CURVES  OF  TETRACYCLINE  HYDROCHLORIDE  IN  SODIUM  BARBITAL- 
HYDROCHLORIC  ACID  BUFFER 
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FIGURE  10s  CURRENT-VOLTAGE  CURVES  OF  OXYTETRACYCLXNE  HYDROCHLORIDE  IN  BORIC  ACID- 
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Each  segment  begins  at  -0.90  V*  Each  additional  0.10  V  is  represented  by 
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FIGURE  13: 

CURRENT-VOLTAGE  WAVE  OF  TETRACYCLINE 
HYDROCHLORIDE  IN  pH  7.75  BORIC  ACID- 
BORAX  BUFFER 

(THE  CURRENT  REPRESENTED  BY 
|AB|  IS  DESIGNATED  AS  --it 

91  TOTAL  CURRENT”  THEREAFTER 


APPLIED  POTENTIAL  IN  VOLTS  VERSUS  SCE 
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were  obtained  every  half  hour  from  the  time  the  solutions 
were  prepared  up  to  five  hours.  The  results  on  each  drug 
showed  that  there  was  no  significant  change  in  the  shape  of 
the  polarograms,  and  this  five  hour  period  of  stability  was 
sufficiently  long  to  permit  completion  of  a  set  of  assays. 


F ,  Determination  of  pH  Change  before  and  after  Electrolysis 

The  solutions  of  each  tetracycline  salt  were  prepared 
using  their  specified  buffer  to  obtain  concentrations  of 
each  drug  at  0,100  mg  and  1.250  mg  per  10  ml  of  solution. 

It  was  found  that  only  a  0.05  pH  unit  maximum  decrease  from 
the  specified  pH  occurred  under  these  conditions.  Compari¬ 
sons  of  the  polarograms  were  made  between  a  control  without 
additional  adjustment  of  the  pH  and  the  one  with  pH  ad just™ 
ment  by  adding  an  appropriate  amount  of  borax  powder  to  the 
specified  value.  The  results  showed  that  even  the  maximum 
0*05  pH  unit  difference  still  gave  no  significant  varia- 
tions  in  the  polarograms.  Furthermore*  the  pH  was  found  to 
be  constant  before  and  after  the  polarographic  electrolysis. 

G.  Determination  of  Diffusion  Dependency 


Actually*  polarographic  curves  can  be  classified  into 
various  types  according  to  the  process  that  governs  the 
value  of  the  limiting  current.  The  most  common  types  of 
polarographic  limiting  currents  observed  in  the  presence  of 
electroactive  species  are  diffusion  currents,  kinetic  cur¬ 
rents,  catalytic  currents  and  adsorption  currents. 
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Diffusion  currents  are  governed  by  the  rate  of  diffusion  of 
the  electroactive  species  toward  the  surface  of  the  elec¬ 
trode.  Kinetic  currents  are  governed  by  a  chemical  reac¬ 
tion  rate  accompanying  the  electrode  process  proper  and 
taking  place  at  or  near  the  electrode  surface.  Catalytic 
currents  are  also  governed  by  the  chemical  reaction  ra  te , 
but  the  reaction  in  this  case  can  be  classified  as  catalytic. 
Adsorption  currents  are  those  that  are  limited  by  the  cover¬ 
age  of  the  surface  of  the  electrode,  either  by  the  original 
form  of  the  species  being  electrolyzed,  by  an  intermediate 
product,  or  by  the  final  electrolysis  product. 

The  types  of  polarographic  limiting  currents  can  be 
distinguished  by  following  the  effects  of  the  electroactive 
species  under  study  and  the  height  of  the  mercury  column. 
Additional  information  may  be  obtained  by  observing  hou 
wave  heights  are  affected  by  changing  the  pH,  temperature 
and  composition  of  the  system. 

An  increase  of  the  concentration  of  the  species 
studied  causes  diffusion  currents  and  most  kinetic  currents 
to  increase  linearly  with  increasing  concentration .  A  cata¬ 
lytic  current  usually  reaches  a  certain  limiting  value  as 
the  concentration  is  increased  ,  while  the  adsorption  cur¬ 
rents  are  practically  independent  of  the  concentration 
changes. 

Generally,  increasing  the  mercury  column  height 
results  in  an  increase  in  the  limiting  current.  Diffusion 


■ 
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currents  are  a  linear  function  of  the  square  root  of  the 
mercury  column  height,  which  must  be  corrected  for  the  back 
pressure  of  the  solution.  In  addition,  the  plot  of  diffu¬ 
sion  current  against  the  square  root  of  the  corrected 
mercury  column  height  must  pass  through  the  origin,  if  the 
process  is  completely  diffusion  dependent.  A  limiting 
current  that  is  governed  solely  by  th©  chemical  reaction 
rate  (i.e.  a  pure  kinetic  current)  does  not  change  with  the 
change  of  mercury  pressure.  Thus,  a  plot  of  current  due  to 
the  kinetic  mechanism  against  the  square  root  of  the 
corrected  mercury  column  height  or  against  the  corrected 
mercury  column  height  itself  will  be  linear  with  a  slope 
of  zero.  When  a  plot  is  made  of  current  against  th© 
square  root  of  the  corrected  mercury  column  height,  if  the 
slope  is  smaller  than  that  for  a  process  which  is  entirely 
diffusion  controlled  but  is  greater  than  zero,  this  usually 
indicates  that  the  current  is  at  least  partially  influenced 
by  kinetic  factors.  In  addition,  the  extrapolated  plot 
does  not  pass  through  the  origin.  For  catalytic  currents, 
various  types  of  i-hn  (currant-corrected  height0)  depen¬ 
dencies  can  be  obtained,  according  to  the  compound  involved 
and  the  conditions  used.  Adsorption  currents,  in  this 
case,  are  linearly  proportional  to  the  corrected  mercury 
column  height  and  therefore  give  linear  plots  of  current 
against  the  corrected  mercury  column  height. 

In  discussing  the  pH  and  composition  of  the  system, 


65 


the  following  summary  can  be  made*  Diffusion-  and  adsorp¬ 
tion-controlled  currents  are  rarely  pH  dependent  and  almost 
always  independent  of  the  composition  of  the  system,  how¬ 
ever,  the  kinetic  and  catalytic  currents  are  often  a  func¬ 
tion  of  pH,  since  the  rate  of  the  chemical  process  involved 
is  pH  dependent.  The  kind  and  concentration  of  the  buffer 
system  have  also  some  effect  on  the  kinetic  and  catalytic 
currents . 

Temperature  variation  might  also  give  some  useful 
information  in  helping  to  delineate  the  type  of  current. 

It  is  well  known  that  increasing  the  temperature  will  cause 
the  diffusion  current  to  increase  by  about  1.0^  per  degree 
Centigrade.  Some  kinetic  currents  show  a  much  more  pro¬ 
nounced  dependence  on  temperature,  but  others  behave 
similarly  to  diffusion  currents.  Hence,  a  current  whose 
temperature  coefficient  13  large  is  most  probably  a  kinetic 
current.  However,  a  temperature  coefficient  of  about  2% 
per  degree  does  not  allow  the  exclusion  of  the  possibility 
that  the  kinetic  current  is  involved.  Adsorption  currents 
have  several  types  of  response  to  temperature  change.  Some 
do  not  change  with  temperature,  some  increase  as  diffusion 
currents  do,  and  others  decrease  or  even  vanish  if  the  tem¬ 
perature  is  raised  high  enough.  Therefore,  only  the  last 
type  can  be  used  as  a  diagnostic  proof  of  an  adsorption 
current.  It  is  imperative  to  know  whether  the  electro- 
reduction  process  of  the  respective  tetracyclines  is 
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diffusion  dependent.  Consequently,  solutions  of  each 
antibiotic  in  this  investigation  were  prepared  at  approxi- 
mately  1  x  10  FI  in  the  boric  acid-borax  buffer  and  at  the 
optimum  pH  for  each  tetracycline.  For  each  drug,  the 
height  of  the  mercury  column  was  arbitrarily  set  at  inter¬ 
vals  ranging  from  56.0  cm  to  approximately  90.0  cm  and  the 
polarograms  were  obtained  at  each  of  the  six  heights 
selected.  In  each  instance,  the  observed  mercury  height, 
the  mercury  flow  rate,  the  drop  time,  the  back  pressure, 
the  corrected  height  of  the  mercury  column  and  the  total 
current  height  were  either  recorded  or  calculated.  By 
plotting  the  total  current  against  the  square  root  of  the 
corrected  height  of  the  mercury  column  for  each  antibiotic, 
a  linear  relationship  was  observed,  in  each  instance.  The 
data  for  tetracycline  hydrochloride  is  presented  in  Table  II 
while  Figure  14  is  the  graphic  representation.  Table  III 
contains  the  data  for  oxy tetracycline  hydrochloride  and 
Figure  15  is  the  plot  of  the  data.  Table  IV  and  Figure  16 
represent  the  data  and  plot  respectively  for  chlortetra- 
cycline  hydrochloride  and  Table  V  and  Figure  17  for 
demethylchlor tetracycline  hydrochloride. 

In  none  of  the  aforementioned  figures  did  the  extra¬ 
polated  line  pass  through  the  origin.  It  is  apparent, 
therefore,  that  while  the  reduction  process  is  largely 
dependent  upon  diffusion,  some  other  parameter  or  para¬ 
meters  are  also  influencing  the  mechanism.  Based  on  the 
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Table  III  Data  for  Determination  of  Diffusion  Dependency 
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Table  V  Data  for  Determination  of  Diffusion  Dependency 
for  Demethylchlortetracycline  Hydrochloride 
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experience  and  report  of  Zuman  (70),  it  could  be  suggested 
that  kinetic  factors  play  a  significant  part  in  the  reduc¬ 
tion  process  of  the  tetracyclines.  This  influence  appears 
to  be  more  pronounced  for  oxytetr acycline  and  demethyl- 
chlort etracycline  than  for  the  other  two  antibiotics. 

Furthermore,  from  the  experience  and  data  obtained 
in  the  foregoing  experiments,  two  additional  important  con¬ 
clusions  could  be  drawn.  Firstly,  the  mercury  flow  rate 
and  the  dropping  time  varied  if  they  were  measured  at 
different  potentials,  even  though  the  mercury  height 
remained  constant  (eg.  oxy tetracycline  * HC1  and  tetracycline* 
HC1  were  measured  at  -1,60  and  -1.70  V,  respectively).  In 
other  words,  the  back  pressure  of  mercury  varied  with  the 
applied  potential.  Secondly,  the  addition  of  gelatin 
solution  also  influenced  the  mercury  flow  rate  and  dropping 
time  as  is  evident  from  the  comparisons  of  Table  II  and 
Table  V  (for  tetracycline  hydrochloride  and  demethylchlor- 
tetracycline  hydrochloride ,  respectively). 

H .  Preparation  of  Calibration  Curves 
(i)  Tetracycline  Hydrochloride: 

The  standard  solutions  of  tetracycline  hydrochloride 
were  prepared  in  the  boric  acid-borax  buffer  system  at  pH 
7.75,  The  concentrations  were  0.100  mg,  0.250  mg,  0.375  mg, 
0.500  n>g,  0.750  mg,  1.000  mg  and  1.250  mg  per  10  rnl  of  so¬ 
lution.  Five  separate  determinations  were  polarographed 
for  each  concentration  and  the  data  recorded  in  Table  VI. 
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The  average  total  current  measured  at  -1.70  V  versus 
SCE  was  plotted  against  each  concentration,  and  a  linear 
relationship  was  obtained  as  shown  in  Figure  18  (page  78). 

If  this  line  could  have  been  extrapolated  to  pass  through 
the  origin,  one  would  say  that  the  electroreduction  process 
is  purely  diffusion  dependent.  However,  since  the  extra¬ 
polation  of  the  calibration  curve  does  not  pass  through 
the  origin,  it  would  appear  that  some  kinetic  characteri¬ 
stics  are  influencing  the  process  at  the  DME. 

Due  to  the  inherent  residual  current,  the  lowest  con¬ 
centration  that  could  be  measured  was  0.050  mg/ml  (equiva- 
lent  to  1.039  x  10"  H).  For  practical  purposes,  the  con¬ 

centration  range  that  permitted  easy  measurements  with 
confidence  and  accuracy  was  selected  between  0.100  rng/lO 

ml  and  1.250  mg/10  ml  (equivalent  to  2.079  x  10**^  M  and 
-4  \ 

2.599  x  10  M,  respectively).  In  comparing  the  polarograms 
of  the  standard  solutions  one  with  another,  it  was  observed 
that  an  increase  in  the  concentration  of  drug  resulted  in 
the  center  point  of  the  limiting  current  plateau  being  shifted 
to  a  more  negative  value.  Although  it  is  not  possible  to 
accurately  determine  the  E^2  va^-ue  either  of  the  waves, 

there  is  no  doubt  that  they  are  similarly  shifted.  In  a 
recent  publication,  Bond  (7l)  has  stated  that  in  all  pro¬ 
bability  such  a  shift  implies  that  the  reduction  process 
is  irreversible.  The  total  current,  however,  was  always 
measured  at  the  same  specified  potential,  in  each  instance. 


' 


77 


© 

crt 

CM 

CD 

CD 

K> 

CM 

vO 

CM 

o 

T" 

© 

CM 

vO 

O 

vO 

VO 

in 

• 

P 

CM 

CM 

CD 

r- 

<r- 

in 

o 

© 

K\ 

n- 

O 

K\ 

O 

M3 

CM 

o 

> 

• 

• 

• 

• 

• 

• 

a 

r* 

<a: 

CD 

o 

<T* 

r- 

CM 

CM 

m 

(0 

© 


JZ 

Q 

O 


c 

•H 

rp 

CJ 

>N 


P 

o 

4- 

© 

44 


c 

•H 

UJ 


P 

CJ 

o 

K\ 

o 

O 

CO 

in 

CD 

•O 

01 

O 

vO 

03 

CD 

r» 

>4 

CM 

CM 

t> 

V* 

in 

a: 

©  <r 

m 

n- 

o 

m 

O 

vO 

CM 

> 

9 

• 

• 

* 

» 

• 

• 

© 

O 

o 

C“ 

r* 

CM 

CM 

m 

o 


"a 

© 

c 

»p 

E 

P 


o 

in 

VO 

in 

o 

O 

O 

m 

r- 

Ov 

o 

CD 

<r- 

\0 

44 

© 

CM 

CM 

n- 

K — 

VO 

in 

© 

*o 

GC  in 

m 

O 

o 

m 

CD 

M3 

CM 

*o 

•H 

□ 

• 

» 

9 

• 

« 

® 

• 

P 

1 

o 

CJ 

r* 

CM 

CM 

IA 

CO 

CD 

B 

~o 

p 

(0 

•o 

c 

(0 

44 

V) 

© 

o 

e: 

© 


o 

v— 

CM 

V0 

CD 

in 

O 

O 

p 

£ 

to 

| 

K\ 

in 

r* 

CD 

v~ 

m 

<r 

0 

p 

CM 

r-n 

03 

CD 

«r=* 

!A 

44 

44 

m 

m 

t'- 

O 

m 

O 

MS 

CM 

© 

cc 

© 

© 

• 

• 

• 

• 

• 

• 

«• 

p 

=C 

h- 

*G 

o 

o 

v— 

c~ 

CM 

CM 

m 

© 

c- 

© 

XI 

O 

o 

P 

•H 

in 

□ 

P 

V'" 

© 

© 

O 

CD 

> 

© 

o 

CD 

03 

CD 

in 

in 

o 

<H 

p 

© 

vO 

O 

CD 

p- 

<fr 

VD 

x: 

CD 

D 

S 

CM 

CM 

CO 

t"- 

K— 

un 

o 

CJ 

CM 

in 

c~ 

o 

m 

CD 

vO 

CM 

o 

-P 

44 

* 

• 

• 

• 

« 

• 

• 

p 

© 

c 

C 

o 

o 

r- 

r~ 

CM 

CM 

m 

■a 

Q 

© 

44 

•H 

P 

JZ 

© 

44 

P 

M 

© 

U 

© 

P 

CJ 

c 

© 

ja 

VO 

o 

O 

O 

m 

CJ 

o 

•P 

© 

•H 

rp 

m 

CM 

vO 

U1 

r- 

c- 

Ml 

•H 

3 

rH 

© 

v— 

m 

CD 

o 

CM 

m 

in 

O 

© 

44 

<r 

K\ 

n- 

O 

m 

o 

vO 

CM 

>s 

© 

CJ 

O 

• 

• 

• 

• 

• 

« 

• 

O 

r~i 

P 

O 

o 

r° 

CM 

CM 

m 

© 

© 

p 

44  • 

44  IP 
0-  © 


o 

© 

-p 

c 

© 


CJ 

o 

o 

• 

in 

CM 


© 

o 

JO 

10 

© 

JZ 

44 


© 

en 

O  »H 

f-l 

a 

D 

n 

u 

Cu. 

P 

•H 

>s  © 

D 

O 

Q 

E 

o  h- 

D 

a 

CD 

in 

CD 

CD 

o 

o 

c 

tH 

1-4 

Cs- 

C3 

o 

un 

r» 

CD 

in 

CD 

in 

0)  © 

© 

i-l 

> 

O 

r~ 

v— 

CM 

m 

Ln 

n- 

CD 

CM 

44  © 

JZ 

cC 

\ 

• 

• 

• 

• 

• 

• 

e 

0  « 

1- 

© 

• 

C< 

CD 

o 

o 

CD 

o 

r- 

v — 

CL"*—'' 

*P 

o 

E 

•H 

JO 

c 

•P 

•P 

© 

o 

•f-i 

•H 

•P 

CJ 

- - ' 

v _ ' 

determinations  were  performed  at 


CALIBRATION  CURVE  TOR  TETRACYCLINE  HYDROCHLORIDE 


78 


(A  0 L'l 


J.V  038nSV3W) 


Vrt'  NI  lN3aunO  1V101 


79 


(ii)  Oxytet  racycline  Hydrochloride: 

The  standard  solutions  of  oxy tetracycline  hydrochlo¬ 
ride  mere  prepared  in  boric  acid-borax  buffer  at  pH  8*20, 
The  concentrations  were  identical  to  those  employed  for  te¬ 
tracycline  hydrochloride.  The  poiarograms  were  obtained  in 
the  same  manner  as  previously  described.  The  data  are 
given  in  Table  VII  and  the  calibration  curve  appears  in 
Figure  19.  Although  the  same  tendency  for  the  limiting 
current  plateau  of  more  concentrated  solutions  to  shift  to 
more  negative  values  was  noted,  all  total  current  measure¬ 
ments  were  made  at  -1,60  V.  Figure  19  demonstrates  that  a 
good  linear  relationship  tuas  obtained  when  concentrations 
were  plotted  against  total  currents.  Again,  the  lowest 
concentration  that  could  be  measured  was  about  0.090  mg/10 
ml  (  1.006  x  10"  M),  however,  the  concentration  was  chosen 

between  0.100  mg/ 10  ml  and  1.250  mg/10  ml  (2.012  x  10~^  M 

-4  \ 

to  2.516  x  10  M,  respectively). 

(iii)  Chlortet racycline  Hydrochloride: 

The  standard  solutions  of  chlortet racycline  hydro¬ 
chloride  were  prepared  in  boric  acid-borax  buffer  at  pH 
7.95  .  The  same  concentration  range  was  selected  and  the 
poiarograms  were  determined  in  the  same  manner.  Despite 
the  aforementioned  tendency  of  increased  concentration 
causing  a  negative  shift  on  the  limiting  current  plateau, 
the  total  currents  for  this  antibiotic  were  all  measured  at 

for  five  determinations  are  presented 


-1.66  V 


The  data 


' 


80 


0 

cn 

O 

ON 

o 

O 

o 

in 

(0 

r~ 

r> 

V 

tn 

o 

CD 

(-i 

r- 

CO 

in 

r- 

vO 

vO 

cn 

0 

CM 

in 

CO 

o 

LA 

o 

0 

> 

• 

• 

• 

• 

• 

# 

• 

£0 

cc 

o 

o 

o 

r- 

Cv! 

CM 

•H 

o 

VO 

CM 

vO 

o 

co 

CO 

T3 

U 

m 

CO 

r- 

tn 

<3- 

CD 

Q 

o 

r- 

CO 

m 

M3 

in 

QN 

0 

rH 

€t 

in 

CM 

in 

CO 

o 

in 

o 

<r 

0 

jC 

q 

• 

• 

• 

* 

0 

• 

S3 

o 

O 

O 

o 

v— 

<5— 

CM 

CM 

a 

*□ 

t-i 

c 

f4 

~o 

•H 

CO 

• 

>, 

■Q 

OCT 

Ld 

C 

E 

tJ 

<f 

CO 

<r 

vO 

G 

m 

in 

0 

E 

0 

to 

Ov 

m 

o 

ON 

CD 

ON 

r* 

4-3 

N 

C 

NO 

CO 

m 

vO 

vO 

in 

Cn 

0 

C£ 

•H 

0 

CM 

in 

CO 

CD 

tn 

o 

rH 

> 

* 

* 

• 

• 

* 

0 

0 

o 

O 

o 

a 

V 

r* 

CM 

CM 

Q 

>* 

> 

C 

CD 

Q 

0 

in 

0 

CD 

V 

i 

VO 

0 

G 

4-3 

• 

0- 

0 

1" 

M3 

o 

o 

M3 

a 

in 

in 

0 

CD 

4-» 

1 

O 

in 

CM 

V“ 

<- 

ON 

CO 

f-i 

>* 

r- 

CO 

tn 

t- 

m 

CO 

44 

X 

44 

m 

CM 

in 

CO 

O 

la 

CD 

<r 

o 

0 

o 

0 

e 

9) 

0 

• 

• 

0 

* 

~D 

o 

O 

o 

V 

r- 

CM 

CM 

•H 

44 

fc- 

~o 

*4 

© 

o 

0 

O 

0 

rH 

0 

□ 

x: 

00 

> 

0 

CD 

KJ 

f4 

0 

CD 

<3‘ 

CO 

vO 

Q 

CD 

CD 

O 

B 

D 

0 

CM 

On 

CO 

v- 

CD 

u 

CD 

s: 

r~ 

CD 

m 

vO 

tn 

VQ 

ON 

13 

© 

CM 

CM 

in 

CO 

O 

in 

O 

>N 

rH 

c : 

44 

♦ 

• 

• 

• 

• 

• 

* 

-C 

0 

o 

c 

o 

CD 

o 

r- 

CM 

CM 

CO 

•H 

0 

0 

to 

44 

N 

C 

0 

t4 

•H 

>, 

f4 

D 

rH 

44 

XI 

CJ 

o 

•H 

o 

ON 

CO 

O 

O 

in 

>N 

> 

< — 1 

•H 

Q 

CM 

CD 

Q 

<3‘ 

r- 

O'— 

•H 

0 

0 

o 

CO 

m 

I> 

vO 

vO 

ON 

0  H4 

44 

to 

44 

CM 

in 

to 

a 

tn 

O 

*4 

•H 

o 

• 

• 

• 

• 

• 

• 

• 

44  ffi 

0 

U 

H* 

o 

o 

o 

V— 

tr* 

CM 

CM 

0  rH 

C 

o 

44  JQ 

0 

Cj_ 

>N  0 

0 

X  h* 

0 

O 

44 

44 

0 

c 

0 

<*-  0 

0 

Q 

CD 

o  CO 

(4 

D 

/• — 

V-r 

f4 

M 

i — i 

>N 

D 

O 

E 

O 

»-» 

o 

□ 

in 

a 

O 

O 

O 

C  V- 

n 

0— 

O 

o 

in 

n- 

o 

in 

o 

in 

0  CO 

0 

> 

o 

r— 

CM 

m 

in 

o 

CM 

44  • 

JZ 

N 

• 

0 

• 

« 

• 

• 

• 

O  M3 

y- 

0 

• 

CD 

o 

o 

o 

a 

o 

r— 

r- 

cl  cn 

rH 

o 

E 

/ — >. 

JD 

c 

/ — s 

•H 

0 

o 

Nw^ 

•H 

•H 

h- 

ID 

VwT 

o 

o 

o 


(iii)  All  of  the  above  determinations  were  performed  at  25 . 
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in  Table  Mill  and  the  calibration  curve  appears  in  Figure 
20.  The  same  considerations  mere  applied  to  the  concen¬ 
tration  range,  when  preparing  the  calibration  curve.  The 
lowest  limit  was  0.100  mg/lG  ml  and  the  upper  1.250  mg/lQ  ml 
(1.940  x  10*” 5  M  and  2.426  x  1G~^  respectively). 

(iv)  Demethy Ichlortetracycline  Hydrochloride: 

The  standard  solutions  of  demethyicblort etracycline 
hydrochloride  were  prepared  in  boric  acid-borax  buffer  at 
pH  7.75.  The  same  concentrations  per  10  ml  of  solution 
were  employed  as  stated  previously  for  the  other  tetracy¬ 
clines.  For  this  drug,  however,  a  maximum  suppressor  was 
necessary  to  eliminate  the  maxima  which  appeared  as  rounded 
humps  on  the  limiting  current  plateau  (Figure  12).  Experi¬ 
mentation  showed  that  for  each  25.0  ml  solution,  the  addi¬ 
tion  of  0.125  rnl  of  freshly  prepared  1%  gelatin  solution 
was  adequate  for  the  purpose.  A  calibrated  dropper  was  em¬ 
ployed  to  make  the  addition.  The  shifting  of  the  limiting 
current  plateau  with  increased  concentration  of  depolarizer 
was  again  evident.  However,  all  total  currents  were  mea¬ 
sured  at  -1.70  V.  The  data  for  five  consecutive  determina¬ 
tions  are  given  in  Table  IX  and  the  calibration  curve  for 
this  drug  appears  in  Figure  21.  Gnce  again,  a  linear  rela¬ 
tionship  existed  between  the  concentration  range  of  0.100 
mg/ 10  ml  and  1.250  mg/10  ml  (1.995  x  1G~^  M  and  2.493  x  10”^ 
M,  respectively)  and  the  corresponding  total  current. 

Due  to  some  differences  in  structure,  tetracycline 
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Table  IX  Data  for  Calibration  Curve  of  Demethylchlortot racy cline  Hydrochloride 
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(iii)  All  of  the  above  determinations  u?©re  performed  at  25, 
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hydrochloride  and  demethylchlortetracycline  hydrochloride 
displayed  some  different  characteristics  in  their  polaro- 
grams.  The  former  did  not  reveal  any  maximum  under  the 
conditions  stated  previously,  while  the  latter  needed  some 
maximum  suppressor.  Perhaps  it  could  be  implied  from  Hey- 
rovsky 1 s  study  (72)  that  the  greater  the  distance  from  the 
elect rocapillary  maximum,  the  greater  the  tendency  for  the 
occurrence  of  maxima.  Naturally  no  maximum  could  be  observed 
when  the  reduction  of  the  substance  took  place  at  a  poten¬ 
tial  corresponding  to  the  electrocapillary  maximum.  In 
order  to  suppress  maxima,  therefore,  the  technique  is  to 
shift  the  electrocapillary  maximum  toward  the  reduction 
potential  of  the  species  under  study.  This  may  be  done  by 
the  addition  of  either  non-capillary-active  ions  or  capi¬ 
llary-active  electrolytes  and  non-electrolytes  to  the  solu¬ 
tion.  Thus, negative  maxima  may  be  suppressed  by  the  addi¬ 
tion  of  multivalent  cations,  and  positive  maxima  suppressed 
by  multivalent  anions.  Almost  all  maxima  are  suppressed 
by  surface-active  agents,  such  as  gelatin. 

The  addition  of  0.125  ml  of  1^  gelatin  solution  in 
25.0  ml  of  solution  mentioned  above  gave  a  final  concentra¬ 
tion  of  0.005/  w/v,  which  was  quite  acceptable.  In  consi¬ 
dering  the  dilution  factor,  theoretically,  the  actual  con¬ 
centration  of  demethylchlortetracycline  hydrochloride  had 
to  be  corrected  by  multiplying  by  the  factor  of  1.005 
from  (25.0  -f  0.125)/  25.0  .  However,  since  the  procedures 
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used  for  standard  solutions  and  for  commercial  products 
were  exactly  the  same,  thus  making  everything  relative, 
the  dilution  factor  thus  could  be  omitted. 


I .  Quantitative  Assay  of  Pharmaceutical  Dosage  Forms 

As  shown  previously  in  the  Experimental  Section,  nu¬ 
merous  procedures  for  special  products  were  established  by 
modification  of  the  two  general  methods  of  analysis.  Using 
these  procedures,  a  large  variety  of  pharmaceutical  dosage 
forms  have  been  assayed  for  their  antibiotic  content. 
Consideration  of  some  of  the  physicochemical  properties  of 
these  compounds  is  important . 

Firstly,  in  the  solubility  index,  the  following  in¬ 
formation  was  obtained : 

(a)  Tetracycline:  1  gm  of  the  free  base  requires  2500  ml 
of  water  to  dissolve,  but  1  gm  of  its  hydrochloride  salt 
requires  only  10  ml  of  water  to  dissolve  (i.e.  concentra¬ 
tion  of  1000  mg/ 10  ml  when  saturated). 

(b)  Oxytetracycline :  The  free  base  is  only  very  slightly 
soluble  in  water,  but  1  gm  of  its  hydrochloride  salt  di¬ 
ssolve  in  2  ml  of  water  (i.e.  concentration  of  5000  mg/lG 
ml  when  saturated). 

(c)  Chlortetracycline :  1  gm  of  its  hydrochloride  salt  re¬ 
quires  75  ml  of  water  to  dissolve  (i.e.  concentration  of 
about  133  mg/lQ  ml  when  saturated). 

(d)  Demethylchlortetracycline :  1  gm  of  its  hydrochloride 

salt  dissolves  in  about  90  ml  of  water  (i.e.  concentration 


. 


89 


of  about  111  mg/lO  ml  when  saturated). 

Although  the  chosen  "solvent"  for  the  various  hydro¬ 
chloride  salts  of  tetracycline  antibiotics  was  not  pure 
water  but  a  boric  acid-borax  buffer  solution,  there  was 
still  no  solubility  problem  in  preparing  the  solutions  for 
both  standards  and  samples  to  be  assayed.  In  some  instan¬ 
ces  where  the  tetracyclines  existed  as  free  base  forms, 
the  addition  of  appropriate  amounts  of  3  M  hydrochloric 
acid  were  made  to  convert  them  to  the  more  soluble  forms. 
The  pH  of  the  solution  was  then  adjusted  to  the  optimum 
value  for  that  particular  tetracycline  by  the  addition  of 
borax  powder. 

Secondly,  in  reviewing  the  stability  of  the  tetracy¬ 
clines,  it  was  found  that  they  can  undergo  a  number  of  fa¬ 
cile  chemical  conversions  under  a  variety  of  mild  condi¬ 
tions  of  temperature  and  pH,  with  often  interesting  diffe¬ 
rences  between  the  various  members  of  the  group.  McCormick 
et  al . (73)  have  reported  that  epimerization  of  tetracy¬ 
clines  at  the  4-position  occurs  readily  and  generally  in 
aqueous  solution  in  the  pH  range  of  2  to  6;  the  rate  of 
reaction  being  affected  by  ions  such  as  phosphate  and  ci¬ 
trate  (74),  polyvalent  cations  (75),  and  substances  such 
as  urea  (76).  Tetracycline  is  relatively  stable  in  acid 
solutions  having  a  pH  higher  than  2,  but  it  is  quickly  con¬ 
verted  to  anhydrotetr acycline  in  more  concentrated  acid. 
This  phenomenon  is  more  pronounced  upon  heating.  Chlor- 


-  •  '  '•* 


90 


tetracycline  undergoes  similar  reactions  under  these  con¬ 
ditions.  For  oxytetracycline ,  however,  the  anhydro-com- 
pound  is  not  usually  found  since  it  is  readily  converted 
into  a  mixture  of  &C  and  /3  epimeric  apoxy tetracyclines . 

In  alkaline  solution,  the  tetracyclines  undergo  isomeri¬ 
zation  with  a  concomitant  remarkable  loss  in  their  poten¬ 
cies.  Chlortetracycline ,  which  is  particularly  suscepti¬ 
ble,  undergoes  a  cleavage  between  carbon  atoms  11  and  11a 
with  a  resulting  new  ring  formation  to  give  iso- chlortetra¬ 
cycline  on  heating  even  at  pH  7.5.  Interestingly,  demethyl- 
chlortetracycline  differs  from  chlort etracycline  only  by 
the  absence  of  the  methyl  group  on  carbon  6  >  but  the  ab¬ 
sence  of  this  methyl  group  enhances  profoundly  the  stabi¬ 
lity  of  the  ring  C  to  both  acid  and  alkali. 

The  study  of  the  photochemistry  of  tetracyclines  was 
reviewed  and  considered  in  this  investigation.  With  the 
existence  of  the  carbonyl  group,  all  of  the  tetracyclines 
must  be  photosensitive,  since  the  non-bonding  electrons  on 
0  can  be  excited  by  light  to  ^T-orbital  and  thus  hydrogen 
abstraction  can  occur.  Due  to  th8  hydrogen  abstraction, 
the  production  of  free  radicals  is  possible  which  results 
in  dimer  or  polymer  formation.  Therefore,  careful  protec¬ 
tion  from  light  whenever  possible  was  advisable.  Plastic 
or  acrylic  products  are  usually  transparent  to  visible  and 
only  to  some  extent  to  UV  light,  therefore,  these  materials 
can  be  used  to  build  a  vessel  which  contains  the  circula- 
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ting  water  around  the  polarographic  cell.  The  advantages 
of  this  design  need  no  further  elaboration. 

finally,  both  the  free  base  and  the  hydrochloride 
salt  of  each  tetracycline  have  been  determined.  It  has 
been  established  that  under  the  same  conditions,  both  forms 
give  identical  waves  when  differences  in  molecular  weight 
has  been  considered.  Therefore,  attention  has  to  be  paid 
to  the  manner  of  indicating  labelled  potency.  Caplis 
(page  55  in  the  reference  62)  stated  that  the  reduction 
step  of  the  first  polarographic  wave  included  reduction  of 
the  amino  proton.  If  this  is  true,  one  would  expect  that 
the  first  reduction  for  the  free  base  and  the  hydrochloride 
salt  might  show  some  differences  in  character.  Conse¬ 
quently,  one  might  question  the  Caplis*  hypothesis  regard¬ 
ing  the  part  played  by  the  proton  in  this  reduction  step. 

The  following  are  seme  factors  that  must  be  consi¬ 
dered  in  the  assay  of  the  dosage  forms: 

(i)  Tablets  and  (ii)  Capsules: 

General  Procedure  $1  may  be  used  without  any  exception. 
However,  the  Tetrex  preparations  in  which  the  active  cons¬ 
tituent  occurs  as  tetracycline  phosphate  complex  have  been 
put  through  additional  investigations.  Tho  analysis  of 
standard  tetracycline  hydrochloride  solution  was  carried 
out  in  pH  7.75  boric  acid-borax  buffer  as  before.  In  order 
to  ascertain  whether  there  was  any  effect  on  the  normal 
tetracycline  waves  caused  by  presence  of  phosphate,  disodium 
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hydrogen  phosphate  in  v/arying  amounts  was  added  to  the 
standard  solution  of  tetracycline  hydrochloride.  The  po- 
larograms  showed  that  unless  the  quantity  of  disodium  hy¬ 
drogen  phosphate  was  greatly  in  excess  of  the  amount  pre¬ 
sent  in  the  pharmaceutical  preparation,  no  effect  on  the 
waves  could  be  observed.  The  same  finding  was  true  for 
sodium  dihydrogen  phosphate.  In  addition,  the  potencies 
of  the  Tetrex  preparations  were  usually  expressed  as,  "con¬ 
taining  tetracycline  phosphate  equivalent  to  a  known  weight 
(eg.  10G  mg,  250  mg  or  500  mg)  of  tetracycline  hydrochlo¬ 
ride  per  tablet  or  capsule”.  Therefore,  although  no  direct 
reliable  calibration  curve  prepared  from  its  standard  solu¬ 
tions  was  available  for  the  phosphate  complex,  the  use  of  the 
calibration  curve  originally  for  tetracycline  hydrochloride 
seemed  to  be  acceptable.  In  the  Tetrex-F  ( TC •phosphate- 
nystatin  mixture)  preparation,  the  effect  due  to  the  exis¬ 
tence  of  nystatin  has  been  examined  and  found  to  contribute 
some  current  under  the  conditions  specified.  The  tetracy¬ 
cline  phosphate  content  could  be  calculated  after  the  blank 
determination  for  nystatin  has  been  done. 

(iii)  Injection  Powders  in  Vials: 

There  are  two  classes  to  bo  considered,  (a)  Those  intended 
for  IM  purposes  which  consist  of  tetracycline  HC1  (  or  oxy- 
tetracycline  HCl),  procaine  HC1,  magnesium  chloride  and  as¬ 
corbic  acid.  (b)  Those  for  IV  purposes  which  are  usually 
claimed  on  the  label  simply  as  a  mixture  of  tetracycline 
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HC1  (or  oxy tetracycline  HCl)  and  ascorbic  acid. 

Procaine  HCl  even  at  the  concentration  in  which  it 
occurs  in  the  dosage  form  causes  serious  and  undesirable 
influences  on  the  waves  of  the  tetracyclines.  A  suitable 
means  of  overcoming  this  could  not  be  found.  In  addition, 
magnesium  chloride  was  found  to  have  a  marked  effect  on 
the  two  waves  of  the  tetracyclines.  Fortunately,  the  addi¬ 
tion  of  three  moles  of  di-sodium  EDTA  per  mole  of  magnesium 
chloride  (actually  they  react  in  1:1  ratio)  eliminated  the 
interference  caused  by  the  magnesium  ion.  This  chelation 
was  very  helpful  since  di- sodium  EDTA  itself  exhibited  no 
reduction  in  the  vicinity  of  the  tetracycline  waves. 

Ascorbic  acid  has  a  distinct  wave  and  a  marked  limi¬ 
ting  current  that  overlaps  with  the  first  wave  of  the  anti¬ 
biotics  in  the  boric  acid-borax  buffer  solution  at  either 
pH  7.75  or  8.20. 

It  was  expected  to  be  very  easy  to  assay  tetracycline 
antibiotics  in  those  preparations  for  IV  use.  However, 
when  the  polarograms  of  those  were  determined,  an  unexpec¬ 
ted  large  maximum  and  one  extra  wave  could  be  observed. 

In  other  words,  the  shape  of  the  polarograms  were  signifi¬ 
cantly  different  from  those  of  tetracycline  and  oxy tetra¬ 
cycline  salts  even  considering  the  wave  due  to  the  ascorbic 
acid.  It  might  be  concluded  that  some  other  polarographi- 
cally  active  material(s)  existed  in  those  preparations. 

Under  the  assumption  that  all  of  the  components 
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in  the  dosage  form  were  present  exactly  according  to  the 
label  declaration,  a  polarogram  was  run  on  a  precise  mix¬ 
ture  of  all  known  components  except  the  particular  tetra¬ 
cycline*  In  this  way,  it  was  hoped  to  eliminate  any 
contribution  by  them  to  the  current  of  the  antibiotic. 
Naturally,  this  was  also  under  the  assumption  that  there 
was  no  interaction  among  the  constituents.  The  total 
diffusion  current  of  the  mixture  must  be  equal  to  the 
algebric  sums  of  t 
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times  with  the  specified  buffer  solutions.  The  intensity 
of  the  inherent  yellow  color  due  to  the  antibiotic  gradually 
decreased  indicating  that  the  extraction  was  approaching 
completion.  However,  this  criterion  was  useful  only  when 
white  petrolatum  was  employed  as  the  base.  If  the  base  of 
the  ointment  was  yellow  petrolatum  or  otherwise  intensely 
colored,  TLC  techniques  or  some  other  specific  spot  test 
might  have  been  applied  to  investigate  the  progress  of 
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extraction*  The  main  purpose  of  this  examination  was  to 
ascertain  the  minimum  number  of  tiotss  it  urns  necessary  to 
extract  the  drug  in  order  to  ensure  complete  recovery* 

Problems  were  encountered  in  the  assay  of  Terramycin 
Ophthalmic  Ointment  and  Terramycin  Topical  Ointment  both 
of  which  are  mixtures  of  oxy tetracycline  hydrochloride  and 
polymyxin  B  sulfate  in  a  base  of  white  petrolatum  and  li¬ 
quid  petrolatum*  Both  these  two  antibiotics  are  principle 
ingredients.  Each  is  quite  water  soluble  and  both  give 
polarographic  waves  which  interfere  with  each  other.  This 
method  of  assay  is  based  on  the  linear  relationship  between 
the  total  current  and  the  concentration  of  oxy tetracycline 
hydrochloride  solution.  Unfortunately,  the  polymyxin  B 
sulfate  wave  gave  a  very  sharp  rise  in  the  region  where 
the  total  current  of  oxytetracycline  hydrochloride  is  nor¬ 
mally  measured.  Therefore,  further  work  on  the  analysis 
of  these  products  was  abandoned  until  a  complete  separa¬ 
tion  or  polarographic  inactivation  of  either  one  of  these 
two  antibiotics  had  been  accomplished.  This  was  not  under¬ 
taken  as  part  of  this  study. 

(v)  Syrups; 

Since  the  tetracyclines  in  these  dosage  forms  existed  ei¬ 
ther  as  the  free  base  (Achromycin)  or  as  an  insoluble  com¬ 
plex  form  (Terramycin),  the  addition  of  an  appropriate 
amount  of  3  H  hydrochloric  acid  was  necessary  to  bring  them 
into  solution.  The  Terramycin  Syrup,  in  which  the  oxytetra 
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cycline  existed  as  a  calcium-oxy tetracycline  complex, 
needed  further  treatment,  because  the  addition  of  hydro¬ 
chloric  acid  split  the  complex  to  produce  oxy tetracycline 
hydrochloride  and  calcium  chloride  (or  Ca  ).  The  latter 
product  had  to  be  sequestered  or  inactivated  by  further 
addition  of  di-sodium  EDTA.  Because  of  the  addition  of 
hydrochloric  acid  and  di-sodium  EDTA,  a  careful  adjustment 
of  pH  of  the  solution  was  accomplished  by  adding  an  appro¬ 
priate  amount  of  borax  powder. 

(vi)  Suspensions? 
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forms.  From  an  examination  of  Table  X,  it  can  be  seen 
that  the  values  obtained  by  the  polarographic  method  agree 
favorably  with  the  manufacturers'  results  for  all  tablets 
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d 

iscr 

pancies  in  the  r 

esults  obtained 

by  th 

e  t 

wo 

methods 

c 

an  b 

seen  for  cer 

tain 

ointment  prepar 

ation 

s . 

Th 

is  can 

be 

ge- 

ner 

ally  attribut 

ed  to  the  degree 

of  e 

xtr 

act 

ion  and 

also 

pos 

sibly  due 

to 

some  chemical  alter at 

ion 

and  degr s 

d ation 

of 

the  drug 

upon 

heating.  Some 

sign! 

f  ic 

ant 

var iat 

ions  c 

be 

found  for 

cer 

tain  liquid  prep 

arati 

ons 

including 

s 

yrup 

sus 

pensions 

and 

aqueous  drops. 

This 

can 

be 

ration 

al 

ized 

by 

the  fact 

that 

in  most  of  the 

cases 

,  t 

he 

preserv 

at 

ives 

sol 

ubilizers 

and 

stabilizers  for 

the 

liquid 

prepar 

at 

ions 

are 

not  st  ated  on  the  labels  and 

yet 

the 

y  m 

ay  exhi 

bi 

t  po 

Xerographic 

reduction.  Furthermore, 

the 

expiry  date 

sho 

on 

the  label 

of 

each  preparation 

indi 

cat 

es 

the  time 

when 

the 

drug  has 

reached  the  minimum 

alio 

wable 

potency 

1 

evel 

A  s 

mall  degr 

ee  o 

f  chemical  alter 

ation 

and  d 

egr adat 

io 

n  of 

the 

cons tit u 

ent  s 

of  the  preparat 

ions 

can 

be 

expected 

be- 

tween  the  time  of  the  manufacturer's  assay  immediately 
after  its  production  and  that  of  the  present  polarographic 
assay.  The  rate  of  chemical  alteration  of  the  tetracy¬ 
clines  is  much  more  rapid  when  they  are  present  in  liquid 
formulations,  particularly  in  an  aqueous  medium,  than  when 
they  are  present  in  dry,  solid  dosage  forms  such  as  injec¬ 
tion  powders,  tablets  and  capsules.  In  most  of  the  pharma- 
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ceutical  manufacturing  laboratories,  the  weight  variation 
allowed  in  quality  control  level  is  around  ±5%  of  its  mean 
value,  so  that  it  is  very  possible  to  have  some  difference 
of  mean  weight  due  to  sampling  error. 

Under  those  conditions  where  the  preservatives,  solu¬ 
bilizers,  stabilizers,  filling  materials  and  adjuvants  are 
known,  a  blank  det errnination  could  be  performed  and  the 
true  current  contribution  of  the  tetracyclines  thus  could 
be  accurately  obtained.  Except  in  a  few  instances  where 
the  separation  from  interfering  material (s)  has  to  be  achie 
ved,  this  polarographic  method  would  seem  to  have  a  rela¬ 
tively  high  degree  of  applicability  and  is  readily  appli¬ 
cable  to  the  assays  of  a  large  variety  of  dosage  forms. 

3 .  Quantitative  Analysis  of  Tetracyclines  in  Blood  and 

Urine 

Interest  has  been  extended  to  the  polarographic  es¬ 
timation  of  tetracyclines  in  blood  and  urine.  Host  of 
the  studies  were  aimed  at  an  extraction  technique  which 
could  supply  a  definite  recovery  rate.  The  procedures 
devised  by  Scales  jet  .al*(69)  have  been  modified  and  applied 
to  the  estimation  in  blood.  However,  due  to  the  relative¬ 
ly  low  blood  level  of  tetracyclines,  efficiency  of  extrac¬ 
tion  and  the  sensitivity  limitation  of  DC  polarography ,  a 
large  volume  (at  least  100  mis)  of  blood  would  be  required 
for  a  single  determination.  Obviously  this  is  not  clini¬ 
cally  feasible.  The  tetracycline  levels  in  urine  reported 


. 


« 
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in  the  literature  were  about  1  mg/21-25  ml,  therefore,  it 
was  possible  and  meaningful  to  do  further  investigation  in 
urine.  In  short,  those  procedures  described  in  the 
Experimental  Section  involved  mainly  protein  precipitation 
and  solvent  extraction  techniques. 

The  simple  evaporation  of  the  solution  of  oxytetra- 
cycline  in  ethylacet at e ,  for  example,  mas  sufficient  to 
destroy  all  of  the  oxy tetracycline .  This  effect  mas  pre¬ 
sumably  due  in  part  to  photodecomposition  since,  mhen  the 
evaporation  mas  carried  out  in  darkness,  about  20-45/a 
recovery  mas  usually  obtained.  The  addition  of  the  anti¬ 
oxidant,  />~mercaptopropionic  acid,  in  various  stages  could 
result  in  98-100^  recovery  of  oxy tetracycline  from  the 
solvent,  however,  it  also  complicated  the  polarographic 
determination,  because  ^-merc apt opr opionic  acid  could  give 
irregular  waves  under  the  conditions  which  mere  optimum 
for  oxy tetracycline . 

If  the  volume  of  solution  in  the  polarographic  cell 
mas  reduced,  this  might  allow  one  to  use  a  smaller  volume 
of  urine  sample  and  reagents,  but  the  Comparative  Method 
in  polarography  requires  identical  conditions  for  both 
standards  and  samples.  Therefore,  a  new  calibration  curve 
mould  have  to  be  established. 

-Mercaptopropionic  acid  could  not  be  used  as  an 
anti-oxidant  in  any  stage  of  the  extraction  procedure. 
However,  a  simple  extraction  and  evaporation  of  the  solvent 
in  subdued  light  gave  lorn  and  variable  recoveries,  conse- 


106 


quently  a  new  method  must  be  devised.  Such  an  investiga¬ 
tion  is  beyond  the  scope  of  this  study. 


K .  Mechanism  of  Electroreduction 

In  his  studies  of  the  electroreduction  mechanism  of 
tetracycline  *  Caplis  (62)  has  investigated  polarograms 
both  in  aqueous  and  non-squeous  systems  and  finally  postu¬ 
lated  that  the  electroreduction  involved  the  proton  on  the 
amino  group  and  the  C ^  carbonyl  system  in  the  A  ring  of  the 
tetracycline  molecule.  This  postulation  has  been  consi¬ 
dered  in  the  study  of  the  systems  which  were  employed  in 
the  present  investigation.  For  practical  purposes  of  ana¬ 
lysis*  Meites  (77)  has  expressed  the  equation  of  the  wove 
which  involves  a  single  rate  determining  step  at  25°C  as: 


^applied  ^l/2 


0.0591 
c/\  n 


log 


*  *  *  * (Equation  6 ) , 


where 

^applied  aPP^ec*  potential, 

the  half-wave  potential. 

cK.  is  the  transfer  coefficient  (the  fraction  of  the  poten¬ 
tial  change  that  increases  the  rate  constant  of  the  catho¬ 
dic  process). 

n  is  the  number  of  electr on ( s )  involved  in  the  rate  deter¬ 
mining  electrochemical  step  (activation  step), 
i  and  are  average  current  at  any  point  (but  here  the 
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residual  current,  if,  has  been  deducted)  and  average  diffu¬ 
sion  current  at  that  point  respectively. 

Theoretically,  for  the  irreversible  wave  with  a  single  rate 
determining  step,  the  plot  of  applied  potential,  app lied  * 
against  log  (i^  -  i)/  i  should  be  linear  with  a  slope  of 
0«G59l/oCn  .  However,  when  the  polarogr aphic  measurements 
and  the  successive  calculations  were  performed  for  tetracy¬ 
cline  hydrochloride,  the  plot  of  applied  potential  versus 
log  (i^  -  i)/  i  gave  several  segments  of  straight  line  each 
having  a  different  slope.  This  situation  occurred  whether 
the  two  waves  were  analyzed  separately  or  as  one  continuous 
poiarogrann  The  interpretation  of  the  plots  was  difficult 
and,  in  some  instances,  the  n  values  obtained  had  little  or 
no  significance (see  Table  XIjFigure  22  and  Table  XII,  Figure 
23),  This  fact  was  common  to  oxytetracycline  hydrochloride , 
chlortetracycline  hydrochloride  and  demethylchlort etracy- 
cline  hydrochloride.  Since  no  clear  indication  of  the 
number  of  electrons  involved  in  the  process  was  obtained, 
it  confirmed  more  definitely  that  the  mechanism  of  reduction 
for  these  substances  was  very  complex.  In  some  cases,  the 
sharp  slopes  might  be  due  to  transfer  coefficients  which 
were  much  less  than  one.  To  attempt  to  clarify  the  electro 
reduction  mechanism,  it  may  be  helpful  to  determine  their 
electron  spin  resonance  spectra  to  see  which  carbonyl  group 
is  reduced  or  whether  some  other  group  is  involved.  Another 
useful  experiment  may  be  based  on  the  changes  of  the  IR 
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spectra  of  tetracyclines  before  and  after  electroreduct ion , 


„  'l 

especially  at  around  1700  cm  region.  The  third  possibi 


lity  is  to  get  a  comparison  of  the  NMR  spectra  before  and 


as  solvent,  because  the  peak  assignment  may  be  especially 
useful.  Finally,  the  UV  spectra  resulting  from  the  conju¬ 
gation  of  the  A  ring  of  the  tetracyclines  (12)  could  be 
compared  with  the  spectra  of  the  reduced  compound.  If  the 
carbonyl  is  involved  in  the  reduction,  this  should  be 
evident  by  a  shift  in  the  absorption  wavelength,  similar  to 
the  reduction  from 


0 


OH 
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Table  XI 

Data  for 

Logarithmic  Analysis  of 

Current-Voltage 

Curve  of 

Tetracycline  Hydrochloride  ( 1 . 56 x  10~^M) 

Here  the 

Two  Waves  Were  Studied 

Continuously . 

Applied 
vs  SCE 

Potential 

Ud  -i )/  i 

log  (id  -i)/i 

-1,00 

149.0-  18.7/  18.7-17.3 

2.1607 

“1*02 

149.1-  15.1/  19.1-17.9 

2.0346 

-1.04 

149.5-  20.0/  20.0-18. 1 

1.0335 

-1.08 

150.1-  23.0/  23.0-18.5 

1.4509 

-1.10 

150.5-  26.0 /  26.0-18.9 

1.2439 

-1.  14 

151.1-  34.0/  34.0-19.3 

0.9013 

-1.18 

151.8-  44.4/  44.4-19.9 

0.6419 

-1.20 

152.1-  50.0/  50.0-20.0 

0.5316 

-1.24 

152.9-  60.3/  60.3-20.3 

0.3645 

-1.28 

153.3-  68.3/  68.3-21.0 

0.2546 

-1.30 

153.0-  72.2/  72.2-21 . 1 

0.2033 

-1.34 

154.2-  81.0/  81.0-21.7 

0.0914 

-1.38 

155.0-  90.6/  90.6-22.0 

-0.0274 

-1.40 

155.2-  96.3/  96.3-22.2 

-0.0997 

-1.44 

155.9-109.2/109.2-22.9 

-0.2667 

i 

•Jk 

• 

•P* 

CO 

156.5-126.5/126.5-23.2 

-0.5370 

-1.50 

156.9-132.8/132.8-23.4 

-0.6570 

-1.34 

157.3-142.3/142.3-24.0 

-0.0968 

-1.38 

158.0-149.0/149.0-24.4 

-1.1413 

-1.60 

158.2-152.0/152.0-24.8 

-1.3121 
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Table  XI:  continued  . 


Applied  Potential 
vs  SCE 

Ud  -i)/  i 

log  (id  -i)/  i 

-1.62 

158.6-154.  1/154.1-25.0 

-1.4577 

-1.64 

158.9-156.0/156.0-25.  1 

-1.6544 

-1.68 

159.5-158.7/158.7-25.6 

-2.2211 

Ill 


CM 


O 


CM 

I 


i 

"O 

•r4 

CJ« 

D 


33S  SflSUSA  1VIlN3i0d  031 IddV 


i)/  i 
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Table  XII  Data  for  Logarithmic  Analysis  of  Current- Volt  age 
Curve  of  Tetracycline  Hydrochloride ( 1 . 56  x 1Q”^M) 
Here  the  Tujo  Waves  Were  Studied  Separately. 


Applied  Potential 
vs  SCE 

(id  -i)/  i 

log  (id  -i 

-1.00 

59.8-  16.4/ 

16.4-15.5 

1.6832 

-1.02 

60.0-  17.0/ 

17.0-15.9 

1.5921 

-1.04 

60.2-  17.6/ 

17.6-16.0 

1.4253 

-1.06 

60 .5-  18. 6/ 

18.6-16.2 

1.2419 

-1.08 

60.9-  20.9/ 

20.9-16.6 

0.9685 

-1.10 

61.0-  23.2/ 

23.2-1 6.9 

0.7782 

-1.12 

61.2-  26.2/ 

26.2-17. 1 

0.5851 

-1.14 

61.6-  30.0/ 

30.0-17.3 

0.3959 

-1.16 

61.9-  33.7/ 

33.7-17.8 

0.2488 

-1.18 

62.1-  38.0/ 

38.0-18.0 

0.0809 

-1.20 

62.3-  41.9/ 

41.9-18. 1 

-0.0669 

-1.22 

62.8-  45.2/ 

45.2-18.5 

-0.1810 

-1.24 

63.0-  48.2/ 

48.2-18.8 

-0.2981 

-1.26 

63.2-  51.0/ 

51.0-19.0 

-0.4188 

-1.28 

63.5-  53.2/ 

53.2-19.2 

-0.5187 

-1.30 

63.8-  55.9/ 

55.9-19.5 

-0.6635 

-1.32 

64.0-  59.0/ 

59.0-19.9 

-0.8931 

-1.34 

64.2-  61.7/ 

61.7-20.0 

-1.2222 

-1.36 

-  - 

-1.38 

108.4-  68.4/  68.4-64.9 

1.0580 
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Table  XII:  continued  .  .  .  .  . 


Applied  Potential 


vs  SCE 

-1.40 

108.8- 

73.0/  73.0-65. 1 

0.6563 

CM 

• 

r— 

i 

109.0- 

80.0/  80.0-65.6 

0.3040 

-1,44 

109.3- 

86.0/  86.0—66.0 

0.0664 

- 1  •  4  6 

109.8- 

91.9/  91.9-66. 1 

-0.1587 

i 

—A 

A 

£> 

GO 

110.0- 

96.2/  96.2-66.5 

-0.3329 

-1.50 

110. 1- 

99.5/  99.5-66.8 

-0.4892 

-1.52 

110.4- 

102.5/102.5-67.0 

-0.6536 

-1.54 

110.8- 

105.3/105.3-67.2 

-0.8405 

-1.56 

111.0- 

107.2/107.2-67.5 

-1.0190 

-1.58 

111.1- 

109.4/109.4-67.9 

-1.3876 

-1.60 

1 1 1.4- 

110.7/110.7-68.0 

-1.7853 
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SUMMARY  AND  CONCLUSIONS 


115 


» 


116 


A  sensitive  DC  polarographic  method  of  analysis  for 
the  four  most  popular  members  of  the  tetracycline 
series  and  their  pharmaceutical  dosage  forms  has  been 
developed  which  is  based  on  the  electroreduction  of 
certain  functional  groups  of  the  antibiotics*  This 
technique  was  applied  to  various  pharmaceutical  dosage 
forms  and  favorably  agreeable  results  were  obtained 
for  most  of  the  cases. 

The  polarographic  determination  of  tetracyclines  in 
urine  might  be  applicable  when  an  efficient  and  defi¬ 
nite  extraction  procedure  is  developed. 

The  actual  mechanism  of  the  electroreduction  has  not 
been  postulated  as  the  process  is  obviously  very  com¬ 
plicated.  It  may  involve  the  conjugated  carbonyl  sys¬ 
tem  in  the  A  ring  of  the  molecules  as  well  as  other 
functional  groups  in  the  tetracyclines.  However,  fur¬ 
ther  examination  of  U V,  visible,  IR  and  NMR  spectra 
before  and  after  electroreduction  might  be  useful. 

The  investigation  of  electron  spin  resonance  spectra 
might  also  be  useful  in  this  case. 

Studies  of  the  effects  of  the  composition  of  support¬ 
ing  electrolyte,  the  effects  of  pH  of  the  system  and 
of  heights  of  the  mercury  column  have  been  conducted. 
The  electroreduction  has  been  confirmed  mainly  as 
diffusion  dependent  in  the  ranges  of  mercury  column 
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height  and  concentration  selected.  From  the  studies 
it  was  found  that  the  mercury  column  height  of  65.0  cm 
was  suitable  in  each  instance.  A  boric  acid-borax 


buffer  was  selected  as 

being 

the  mo 

st 

suit abl 

e  system 

for 

the  electror educti 

on  0 

f 

all  of 

the 

t etr ac 

yclines 

in 

this  investigation. 

All 

measuremen 

t  s  were 

made  by 

employing  a  saturated 

calome 

1  elect 

rod 

e  (SCE) 

as  the 

ref 

erence  electrode. 

The 

fo 

llowing 

sp 

ecial  c 

onditions 

wer 

e  required  for  each 

ant 

ib 

iotic 1 

(a) 

tetracycline  HC1, 

a  pH 

0 

f  7.75 

was 

requir 

ed  and 

the  total  current 

was 

m  e 

asured 

at 

-1.70  V 

© 

(b) 

oxytetracycline  HC1,  t 

he 

pH  was 

8. 

20  and 

the  app- 

lied  potential  was 

-1. 

60 

V. 

(c) 

chlortetracyclins 

HC1 , 

the  pH  was 

7.95  an 

d  the 

applied  potential 

was 

-1 

.66  V. 

(d) 

b erne thy Ichlortetracycl 

in 

e  HC1, 

the 

pH  was 

7.75  and 

the  applied  potent 

ial 

wa 

s  -1.70 

V. 

It  was 

necessary,  however 

,  to 

add  a  caref 

ully  me 

asured 

amount  of  freshly 

prep 

ar 

ed  1%  g 

elatin  sol 

ution  in 

order  to  eliminate 

a  m 

ax 

imum  in 

th 

e  wave 

of  this 

antibiotic.  The 

final  1 

concent 

ration  of 

the 

maximum  suppressor  was  0.005/O  w/v. 

(5)  Linear  and  reproducible  calibration  curves  for  the 

four  tetracyclines  were  obtained  using  pure  reference 
materials  supplied  by  the  manufacturers.  It  was  not 


necessary  to  prepare  an  additional  calibration  curve 


' 


. 
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with  pure  reference  tetracycline  phosphate,  since  the 
calibration  curve  for  tetracycline  hydrochloride  could 
be  readily  utilized. 

(6)  The  DC  polarographic  determination  was  based  on  a 
linear  relationship  plot  between  the  total  current  and 
the  concentration  of  the  species.  The  electroreduction 
was  not  necessarily  specific  for  the  tetracyclines  alone 
therefore,  the  performance  of  a  blank  determination  was 
required.  In  some  instances,  a  prior  separation  from 
interfering  material (s)  was  essential. 

(7)  It  is  concluded  that  the  accuracy  and  reproducibility 
of  this  DC  polarographic  method  make  it  favorably 
acceptable  for  the  analysis  of  tetracyclines.  The 
technique  offers  a  greater  degree  of  sensitivity  than 
most  of  the  existing  chemical  methods  and,  in  addition, 
offers  a  specificity  that  is  unknown  in  ths  microbio¬ 
logical  method. 
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